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FCREWORD

This bibliography was prepared and annotated as a project of the
Committes for the Study of Tsunemis, American Ueophysical Union, by Mr,
Marcial P, Cuellar, Mr. Cuellar, a graduate of the University of Chile,
Has been associated with the Board of Ports of Valparaiso, and the Depart-
ment of Hydraulics of the Chilean Ministry of Public Works at Santiago.
The bibliography was prepared during a peried of study at the Naticnal
Bureau of Standards under a training grant.

The international ¢ollaborstion im this study of a truly international
field of knowledge, as well as the importance of the contripution has led
the Union to cooperate with the Beach EBrosion Board as a leader in the
study of wave phenomena, in the publication of this informstion for public
use.,

The membership of the Committes for the Study of Tsunamis at the time
of preparation of this contribution were: Dr. C. A. Barnes, Dr. A. A,
MacDonald, Mr, Walter B. Zerbe, Dr, Harry H, Hess, Dr. Walter H. Mank,
Dr. Garbis H. Keulegan, and Dr, Martin A, Mason, (chairman}.

Thig memorandum ig publ fshod under suthority of Pablle leaw Ioo, 7Otk
Sonpress, approved July 31, 19L4E,



ANWOTATED BIBLICURAPHY ON TSUNAMIS

1. Eing; P. Pi, Stokes, P.S., and Pits Roy, R.

1836 Sketch of the surveying voyages of His Majesty's Ships
Tidventure” and "Eagle," 1825-1836. Journal of the
Royal Gecgraphical Society of London, &:315-331,

On 20 February 1835, a strong sarthquake centering near Conception
destroyed mumerous towns in céntral Chile, About half an hour after the
seismic shock A gréat tsunami swept the cuasts of the epicentrel region;
causing great damageé st Talcahuano and on Isls Santa Maria, The tsunami
was felt along the whole coast of Chile and reached dangerous heights
on the islsnd of Juan Fernandez, which is located off the coast of Val-
paratac, although the port of Valparaiso itself escaped damage, After
the sarthquake, upheavals of sbout 9 feet were observed at various places
on lsla Santa Maria and evidence was found that similar topographical
¢Hanges had taken place in the bed of the sea surrounding this island.
Includes numerous narrations of eyewitnesses regarding the earthquake

2, Caldcleugh, &.

1836 An account of the great earthquake experienced in Chile
on the 20th of Februsry of 1835, Philosophical Trans-
actions of the Royal Society of London, Part I, pp. 21-16.
An shatract of this report was published in The Fhilo-
sophical Magazine, London, 3d Ber., B:1LB-150.

The Concepcion tsunami of Febrdary 1835 reached heights of 28 feet
above high water level on the coast at Talcahuanc, After the phenomencn
it was observed that the island of Santa Maria had becoms permanently
elevated at least 10 feet sbove its former position. Similar topographical
changes were observed in the bed of the sea surrcunding this island,
These dislocationa were ascertained very accurately by the observations
of Capt. Fitz Roy (see Mo, 1). The tsunami was clearly perceptible on
the island of Juan Fernandez (360 miles off the coast of central Chile)
where it reached heighte of 15 fest.

An Parish, W. .
1836 On the effects of the earthquake waves on the coasts of
the Pacifie. The Philosophical Magazine, London, 3d Ser.
&3131*18155
Contains much non-instrumental data regarding tsunamis recobdad
on the western coast of South America, The high frequency of tsunamis
on these coasts and the urpency of peological studies are emphasized.
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L H&lltt, b

1852-185) Catalog of recerded earthguakes from Julo B.C. ta A,D.
18E0. Third neport on the Feets of Esrthguske Phenonema,
Aritisn Associztion for Advesncsmenty of Science. 22:1-176.
1862, 23:1168-212. 1853, zhi2-324, 1854,
A very complete catalos of strong sarthquakes recorded during the
period 1606 3.0, o 4,00 1HL2, Indicating those acocmpanied by tsunamis.

5- Eﬂﬁhﬂt, .E'.L. U-
1656 fotice of earthpuake weves on tha western cusst of Ynlted

Stetes on the 23rd and 25th [December, 1854, HReport of the
Superintendent of the U, &, Uesst Survey For the year 1HGG,

Washington, . &. ppo 3L2-3L6, Also in the tmerican
Jonrnal of Selence and Lris, Wew ilsven, 2ud Ser., 21:37=L3,
(m 2% and 25 Secenber 100L the tide gapee at Lan Disge sud Gan Francisco

registerad the arvival of the tsunanl whigh accomosnied the fnsed (Japan)
garthqualke. The saripramz shossad that Lhe first zad most important group
f waves had a mean perdod of 3% minutes end reached an average height of
0,415 foot, The velocity of propagztion of the tsunami meross the Paeifie
was found to be apuroximately 358 milss per hour, from which the mean
pgeanic depth along the propavation path Was compubted, Information repsrd-
ing the destruction caused on the ceasts of Japan by the esrthguake and
taunami is also glven,

'i: ] 1"13118 t-, H- v

1858 feport upen the facts and theery of sarthguake plenomena.
Heport of the British Association fer Advancement of Scisnce.
20122L-171,

iarigrams recorded at U.E,A, stations during the Ansei $sunami of
Dacember 185l (see Ni. ) were analyzed, author coneluding that the form
of thue waves rcoorded at Een Fraccisco and San Dizgo agreed remarkably,

It is gointed out that tsunsmis are caused, beyond guestion, by
sartivuaken or volcande action on the sea bobtow, [t is added, however,
that some abnormal Tides cbserved were not precedsd by selsmip or
voloanie cisturbances and were preotsbly prodoaced By submarineg landslides,
These landslides would be caused by erosion, mainly by tidal setien, of
ereat submarine banks,

. dochatetter, F,

1668 Uber das lLridbeben in Perm am 13 August 1568 und die dsdurch
veranlassten Pluthwellen in Fagifischen Ceean, Iitzungsber-
ichte der ¥aiserlichen Akademis der Wissenschaften, Vienns,
B8{L):837-860, (In Uerman)

¢ detailed acecount of the LArica earthaguake snd tsunami om 13 Aupust

1662, which ruined several ports sleng the southern cozst of reru (now
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northern Chile), is given and narrations of various eyewitnesses are added.
The tsunami, whose center was apparently located off the coast of Ariea,
was recorded at varions tidal stations in the Facific, From marigraphic
data recorded at Newcastle {(Australis), Chatham and Samoa Islands (South
Pacific), Lyttelten (New Zealand), and Hawaii, the velocities of propaga-
tion of the tsunaml through the Facific were computed. Also, the propaga-
tion of the ftsunami alopg the western ecast of the Americas was determined
by using non-instrumental data recorded in several ports on the coasts of
Chile, Peru, and U,S, A.

8. Pinto, A.

1868 Fenomens del mar oourrido an muestras costas del sur a con-
segurencia, segun parece; del gran terremoto gques destruyo
Arequipa el 13 de agosto de 1868, Anales de 1a Universidad
de Chile, Santiago, 31:507-512. (In Spanish)

The Ariea tsunaml of Augast 1868, propagated southward, caused con-
siderable damage on the portz of Taleahuans and Penco (central Chile),
where a group of regilar waves, whoss periods [Muctuated betwsen 1 and 13
hours, was first recorded. The firsi group of waves was followed by a
somswhat irregular motion lasting for several days, OSeveral nmarrations of

eyewitnesses, regarding mainly the structural damage caused by the hsunamdi
on the coast of centrgl Chils, are annexed.

9. Hochstetter, F.

1869 Die Erdbebenfiuth im Pacifischen Ogean vom 13 bis 16 August
1868 und die mittleren Tiefen dieses Ocean, Sitzungsberichte
der Ksiserlichen Akasdemie der Wissenschaften, Viemna.
£9:109-132, (In German)

Complementing the study mads in a previous paper (see No. T) on the
propagation of the Arica tsunami of August 1868, additional information is
given regarding the characteristics of the iidal disturbances produced by
the tsunami at stations locatsd in tha Chinchs Islands off Peru, the Hawaiian
Islands, and at Sydney, Australia,

It was obsarved that the velocities of propagation of the waves
through the Pacific agreed with those caleulsted by Bache (see No, 5) and
with propsgation of the normel tides. The mean oceamic depths slomg the
paths of propagation of the waves were computed by spplying the formulas
of Airy and Russell,

10. Domeyko, L.

1867 Datos recogidos sobre el terremoto y las agitacionss del
mar del 13 de sgosio de 1868, Anales de la Universidad de
Chile, Santisgo de Chile. 32:1-43. (In Spanish)

Instrumental data recorded at several Chilesn stations during the drica
earthquake and tsunami of Aagust 16860 showed that the phenomenon was not
‘accompanisd by bsrowetric or msgunetic disturbances ead that the climat-
lologicsl conditions were unaltered by the seismic shock. Anm inspection of
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the epicentral area showed also that topographical dislocations or land-
slides did not take place during the phenomenon. An analysis of the damage
distribution suggested that the earthquake was of the subcontinental

type and its epicenter was located in the neighborhood of the Arequipa
volcanc.

11. Hochstetter, F.

1869 Die Erdbebenfluth im Pacifischen Ocean vom 13 bis 16 August
1868. Petermann's Ceographische Mittheilungen, Gotha,
15:222-226, (In German)

inalyses made in previous papers (see Nos, 7 and 9) on the propagation
through the Pacific of the Ariecs tsunami of Bugust 1868 are summarized.
Based on these studies, a general analysis of propagation of tsunamis
through great oceanic depths is made, and the formulas for computing the
velocities of propagation of seismic sea waves are discussed.

12, Proctor, H. 4.

1869 Earthquake waves in the Pacific., Hature, London.
1:54-56.

The path of propagation through the Pacific of the Arica teunami of
Augast 1868 was determined by studying marigraphic data recorded at
Hawaii, Japan, lew Zealand, and Australia. TFrom the veleccities of propaga-
tion computed by Hochstetter (see bes. 7, 9, and 11), the mean oceanic
depths along the propagation paths of the tsunami were computed. It was
found that these values agree fairly with those cbtained from marigraphic
data recorded during the Ansei tsunami of December 1854 (see No, T/,

13, Williamson, Juan D,

1869 Descripeidn de terremoto del 13 de agosto de 1868,
Lima, Peru, (In Spanish)

Eyewitness description of the damage caused in the port of Iguigue
by the Arica tsunami of ‘fugust 1868,

14. Gutierrez, M.

187C Estadistica del horrible cataclismo del 13 de agosto de
1868, Vslparaiso, Chile. (ln Spanish)

A ptatistical compilation of datz regardiog the structural damage
and casualties in ports located along the southern coast of Peru and
northern coast of Chile caused by the Arica tsunami of August 1868,
Numercus narrations of eyewitnesses concerning the heights reached ty the
Waves are annexed.



15. Fonck, F.

1871 Las agitacionss oceanicas causadas en 1las costas del Pacifico
por ¢l terremoio del 13 de agosto, 18668. Anales de la
Universidad de Chile, Sasatiago. 39:283-305. (In Spanish)
Complementing the works of Demeyke mnd Hochstetter on the prepagation
of the Arica tsunami of Auguet 1068 (see Nes. 7, 9, 10, and 1)) with additional
data regarding the times of arrival and characteristics of the waves at
stations located in New Zealand, Australia, Japen, Mexico, West Coast of
U.S.&,, and islands of the South Pacific.

Instrumentsl and eyewitness observeticns obtaimed at Chilean stations
showed that the tsunami was not propageied parallel to the coast, perhage
because of the influence of tha Peru Current, and that a teunami cf
secondary magnitude was reccrded in the epiceniral region simultansously
with the seismic shock.

16.

huge 1877 The great sarthquake on the coast of Peru, The Teographical
Magasine, London, pp. 206-209.

On 5 May 1877 a severe earthqueke, whose center was apparently located
under the Andes, destroyed seversl cities in southern Peru (2ctually north-
ern Chile)}, It was accompmnied by a great tsunami which reachsd haights of
35 feet in Ignigue and 75 feet in Arica. It is indicated that this tsunami
reached grester heights in Arica than those recorded curing the Arica
tsunami of 1868. 4 catalog of destructive earthquakes on the west cosst
of South America (especizlly in Peru and Chile) is added,

1? L GEinitz, E-

1877 Das ¥rdbeben von Iguigque am 9 Mai, 1877 und die dadurch
erzeugte Fiuth im prossen Ucean., FPstermann's Geographische
Mittheilungen. 23(12):454-L66. (In German)
tlumercus narrations of eyewitnesses regarding the destruction caused
on the north coast of Chile by the Iguique esrtbguske and tsunami of Hay
1877 were colliected. These data, which were taken wmainly from newspaper
articles, are used for describing in dstall these phenomena. By uslog
marigrachic datz recorded at sistions located in Japan, New Zealsnd, =nd
Howaii, the velocities of propagation of this tsupami through the Pacific
Ocean were computed. From these velecities the mean depthe of the ccean
along the propagstion paths of the waves were computed by the foermuls
H = 79%. 1t uwas observed that the values so obtained are substantially
smaller than depths determined by scundings.

diota: Important eccrrections to the caleulations indicated above were
introduced by Dr, Geinitz in a later report (ses fo, 18).
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18. Geinitz, E.

1878 Das Erdbeben von lguique am 9 Mai 1877 und die durch
dasselbe verursachie Erdbebenfluth im grossen Ocean,
Nova Acta der Ksl. Leop.-Carol. Deutschen Akademie der
Naturforscher, Halle. LO(9):385-LLli. (In German)

This second paper of Dr. Geinitz (see No. 17) on the propagation of
the Iquique tsunami of May 1877 contains many additional cbservations and
is in general more elaborate than the first one, Instrumental and eye-
witness observations made at villages along the Chilesn coast are compared
with dazta recorded during the Arics tsunami of 1868, ESeversl corrections
are introduced, and computed depths at various points of the Pacific Oecean
are considerably reduced. As a result of this second calculstion, it is
concluded (contrary to the first paper) that the mean depths of the ocean
computed from the velocities of propagation of the Igquique tsunami are
in accordance with those cbtained by actual soundinge.

1?- H:L'll:E, J1

1860 The Peruvian earthquske of May 9, 1£877. Transactions of
the Seismological Society of Japan. 2:50-96.

By analyzing marigrams recorded at seversl tidal stations on the
Pacific, the velocities of propagation of the Iguique tsunami of May 1877
were computed. From these valnes, by applying the formula # = ?2/5 the
meany depths of the ocean aAlong the propagation paths were determined. A
comparison of such walues with those calculsted by Hochstetter (see oz, 7,
9, and 11) showed that both values agreed closely when Japaness marigrams
were considersd, but disagreed substantially when based on marigrams reccrd-
ed at Homolnlu, Samoa, and Lyttelton. Pased on the latter it was observed
that the mean dephths of the Pacific computed from the veloeities of pro-
pagation of tsunamis did not agree with those obtained by actual soundings.

20. Walker, J. T.

1863 Un the earthquake of the 318t December 1881, Proceedings
of the Asiatic Society of Bengal, Calcutta, 3:60-62. Also
in the General Report on the Uperations of the Survey of
India for 1B81-1882.

The strong submarine earthquske of 31 December 1801 in thes Bay of
Bengal was accompanied by s destructive teunami which was recorded by
tidal stations on the west coast of the Bay of Bengal and en the island of
Saugor. Copies of the recorded marigrams are given and sz brief analysis
of them is made. Some anomalies with regard o the propagation of the
taunami, due apparently to the presence of islands, are described.

21. Hogers, M, W,

1683 Memorandum on the earthguske of the Jist December 1801 and
the great ses waves resulting therefrom, as shown on the
disgrams of the tidal observations in the Bay of Bengal,

Proceedings of the Asiatic Society of Bengzl, Calcutta.
3:63-66.

6



The path of propagation of the Bay of Bengal tsunawmi of 1861 was
determined by using merigrams recorded st Indian stations. From the mari-
grazhic study it was concludea that the tsunami was propagated with velocities
between 2.9 to 6,2 miles per minute, It is indicated that these velocities
are in general proporticnal to the oceanic depths of the traversed sess,
byt in sone cases they were modified by meteorclogicsl phénomena (especially
winds), Those marigrams and some non-instrumental data were subsequently
used to determine the tsunami center, which was bellsved to coincide with the
epicenter of the earihquake preceding the t=unami,

22,

1883 The Java Upheaval. HNature, London, 26:LL3-LLL.
Also in Sclence, 2:L69-L70.

The volcanic eruptions on the island of Krakatoa Sunda Strait
reached 3 orisis during 27 and 28 August 1883, when seversl e xpicsions of
great intensity were hsard on the cosgts of Java and Sumatra and & tsunami
swept those coasts causing extracrdinary Iomage. The tsunami reached
heights of 30 meters in various ports near ¥rakstca and was clesrly
perceptible in San Francisco Harbor. It is indicated that tsunamis are
due to sudden disturbances of the ocean bed and are very freguent in the
Pacific.

23,

1883 Ecientific aspects of the Java catszstrophe, Hature, London.
2831157 -L5E

The area affected by the voleznic explosions on Krakatos (August 1883)
iz highly velcanic, several catastrophes having been recorded there lately.
However, according to the most relisble accounts, the outbresk of 27
August would appear to have been far more fatal t¢ human 1ife than either
of its predecessors. The most potent agent of destruction in this case was
the great tsunami produced by the earth shock accompanying the explosicns,
Jutsianding topograpghical changes took place on the island and on the bed of
its surrounding sea, where the appearance of new volcanis coned was observed,

IELL;

1583 The Java Eyuption. MNature, London. 206:577.

The volcanic eruptions on Xrakstoa oroduced sizesble subsidences and
upheavals on the sea bottom of Sunda Strait, Thege displacements gonerated
g tsunami which reached helghts of 100 fest in pame places and caused
enormous damage on the southwest coast of Java and the south coast of Sumatra,
In HBetavia, according to accounts given by eyewitnesses, twe sroups of
waves reaching heights of 17 feet were observed, The second group causzed
most of the destruction.

25, Baird, &, W,

1683 The great tidsl wave. Nature, London, 20:626-627.



The tsunami c¢aused by the voleanie eruptions at Erzkatos on August
1683 was recerded by tidal stations in India, South Africa, snd Mauritius.
The perturbations of the sea level observed by eyswitnesses at fort Leuls
(Mauritius) are described, The Hoyal Alfrsd Ubservatery at Mauritius re-
corded remsrkabls disturbances in the atmespherdic pressure and important
magnetic perturbations at the time of the tsunami,

26, Delisle, Dr.

1883 Les secousses de tremblement de terre & la Heunion et
a Mauries comme consequercs g 1'eruption volceanigque du
detroit de 18 Sonde, OComptes hendus des Seance de la
Societe de Geographie de Paria. (15):52L-526. (In French)
Evewitriess description of the tidal perturbations csused in Saint-
Pierre (Feunion) and Mauritius by the Krakatoz dissster of Aduganst 1883,

27. de lesseps; M,

1863 Fropagation marine de la commotion du tremblement de
terre de Java, Comples Hendus de 1'Academie des Seiences,
Farig, 97:1172-117L. (In French}

On 27 August 1883, the marigraph at Colon (Atlantic coast of Panama)
registered the arrival of eight osc¢illations with amplitudes between 0.3
and 0.4 meter, It is indicated that these waves corresponded to the
tsunami generated by disturbances on the island of Krakatoa. The curious
fact that the phenomencn was nct recerded in FPanama City (Pacific coasy
of Panama)} is also pointed vut., It is explained by taking into considera-
tion that the Wwaves propagated eastward from the island of Erakatoa guickly
lost their energy by the prescnce of shallow seas, snd that when they
finally arrived in the Pacific they were already too small feo cross the
DCEdTle

28. de la Crye, M. Bouguet

1683 Sur La propagstion des lames produites par 1'eruption
des wolcans de Java., OCpmptes Rendus de 1'Academie des
Seiences, Paris, 97:1228-1230, (In french)

An attempt was made to determine by msrigram analysis the path of
propagation of the Krakatca tsunami of August 1883, By studying mari-
grams reccrded at seversl ports along the ceast of France, it is concluded
that the tsunami wes propsgated with a mean velocity of 305 miles per
hour and was conposed of a group of waves with a mean length of 375 miles.

29,

1883 The tidal waves of earthquakes. Engineering. 36:526.
Brief deseription is given of the prepagation of the Krakatoa tsunami
of 1883, based chiefly on the reports of de Lesseps and Bouguet de 1a
Grye (see Wos, 27 and 28).



30, de 1ls Creix, M. Lringtan, commentary by Daubree, H,

1883 Cztastrophe du Rrakatca, witesse de propagation des ondes
liquides. Comptes Hendus de 1'Academie des Sciences,
Paris, 96:1575-1576. In French)
The volcoanic explosion of Xrakstoa island on 27 Augnet 1883 caused
a gigantic tsmami which devastated the cecaste of Java and Sumatra. By
analyzing merigrams recorded at several places sglong the coast of (eylon
(3,000 kilemeters frem the island of Krakatoa) it was concluded thzt the
vaves were propagated with an average speed of 550 meters per aecond.

In a commentary annexed, M, Dsubree points cut that the velocitles
computed by de la Croix are prcbably exsggzerated. UDaubree suggests also
that the tsunami was not caused by thes explosion itself but by disleocstions
on the sea hottom of Sunda Sirait produced by the eruptiocns.

Note: Later on (see o, 39) de 1& Croix corrected his computation of the
velocities of propagation,

Jl. Metzger, E.

188k Uleanings [rom the reporte concerning the eruption of the
Erakatoa. MNature, London. 29:240-2Ll.

Adbstrscts of newspager articles concerning the volcanie eruption on
the island of Krakatoa (August 1BE3) are given. Most of these articles
include narrstions of eyevwitpesses regarding the destruetion caused in
ports along the coast of Javs and Sumstrz by the tsunami which accompanied
the krakatoca eruptions. From these reports, the following conclusions
regarding the tsunemi were drawn: (&) the moet destructive waves reached
heights of 30 to 40 meters, (b} secondary tsunamis apparently took place
before and after the main one. '

32, Baird, A, W,

1884 Heport con the tidal disturbances caused by the voleanic
eTuptions at Java, August 27 and 25, 10863 and the pro-
pagation of the supertidal vaves. ~froceedings of the
Hoyal Socisty of london., 36:2L8-283,

From & study of marigrsms recorded st Indian stations during the
Krakatoa tsunami of August 1883, the tollowing conglusiens were obtained;
{a) small tidal disturbances were recorded some time before the cceurrence
of the tsunsmi: \b) the primsry &fTect cbserved in all the atations wss
a all of the sea level [negative wave), (¢) the waves resched a maximum
amplitude o bhays opening direc¢tly to the direction of propsgation ¢f the
taudami, (d) the time of occurrence of the final sxplosion, computad undey
the gasumption that it coinclded with the time of communcement of the
taunami, did oot ggree with that computed from the barometric weveswhich
wers propagated frowm Eraketioa st the time of the final <xplosion. An
explanation of bthis divergence is advanced.



33 'ﬁ'alkfrl‘, e Tr

1ELL Earthguake disturbances of the tides on the coasts of
India, Waturs, Londem, 29:368-300,

Tha +tidal stations in Indie had registered important tsunamis en the
geeasion of the Day of Dengal savthquake (pee Hos, 20 and 21) and during
the volcanic eruptions on KErzlatos, DBy using these marigraphic data,
the spicenter of the Dengel earthquaxe and the propagation of its teunani
along the 2past of Indis wer: determined. The somputed velocities of
propagation were btetween 120 and 360 miles per hour snd wereé found to bs,
in gensral, propsy hicnel to the dopths of the traversed sass. Hegarding
the time of compencement of The Rrakatoa tsunami, the ceomputatlons mads
by 3aird (ses see. 25 and 32) walng morigrephic data and those made by
other investigaicrs ueing barometric data sre quoted,

. Verbeok, .

2581 Yort veralsg over de nitvarating van Rrakataw cp 26, 27
cn 28 Augustus, Landsdrukkeri) (ZGovarimént Printing
Office), Batavia, Februsry 19, 188lL. (In Tatch)

The eryupticns of the varicus veloances on Erakatos, vhich culminsted
in the griat Frakatoa disaster of Aueuzt 1HE3, are described. The final
wolecanic explosien produced the sudden Immeorsion of a grest part of the
island., This extrzordinary tcpopraphic dislocsation resulted in the forma-
tion of an impense cireular wave which caused severe damps on the cuasts
of Jave and Sumatra, The marigraph st Port Elizabeth (South Africa) showed
that the teunsmi wes propagated towsrd that place with a mean velocity of
&G kilomcters per hour, Abeut § menths after the disaster a new volcanic
suplosion,; zocenpenied by a relatively small tsunami, was recorded.

Note: Summaries 4n English mmd French of this report have been publiizhed by
other mapazines (sec koas 36 and 37).

35. Torpes, d. 0,

1808y The weltsnic eruptlon of Frakatsu, Froceédioes of fhe
Noyal Geopraphical Soeciety, Lendon, 6(3):1L2-152.

4 Ftudy of bthe gecgravhic and volcanic featurds of the gone surround-
ing ¥Xrakatoz led the author te =sstablish the following theory for ex-
plaining the explésions and destruetive {sunami, which in March 1883
accompanicd the sruptions af volcang, The continuous eruptlon of this
veleans either clesred out the old funnel into its submerged porticn or
found a fisgure by subeidence or otherwlse through which sea water was
admitted to the heated interior of the vcleanc. The results was explosion
after explosion in increasing violence as more material for genersting
steam found its way into the underground recesses, This phenonencn
gangrated twe kinds of waves:s

(2] Waves penerated by the sudden depression of sea level causad
by the inrush of =nermous quantities of sea water into the deep fissures,
and

(b) Wavez created by the ejected portions of the island falling
into the sea.
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The fack that the Lsunsnl was unnoticed by ships eruising in the
vicinity of the island could bs explained by considering that the twe
kinds of waves neutralized esch other on the spots where those vessels
were at the time of the tgunami. It is finally stated that certainly
the tsunami was nol connected with any selsmic movement of the sea bed,

36; Daubres, M.

1863 Ubaervations extraites du rapport de M. Verbesk sur
1teruption de Krakates les 26, 27 et 20 acut 1883.
Sumptes Hondud de 1'Academie des Sc¢iences, Paris,
P:1015-1025, (In Franch)
Summary of the repert by M. Verbeek given under No, 3L of this
bibliograghy,

37. Verbeek, M.

1684 The Krakatos vruption. Nature, 30:10-15.
Summary of the report given under Ho. 3L of this bibliography.

38, Boussinssg, M.

1684 Remarque relative a 1a vitesse de propagation de
1Vintumescence produite dans 1'eécean Indiem par 1'eruption
de Krakatna. Ceomptes Rendus de 1'Academie des Sciences,
Paris, 96:1251-1252, (In French)

By using the Lagrange formula (V =\{gH) the velocity of propagation
to Port Elizsbeth of the Erakatea teunami of 1883 was computed and it was
found that this value agreed closely with that determinated by Verbeek
(gee Wo, 34) from marigraphi¢ data,

39%. de ls Croix, M, Erington

1884 Eruption de Krakatos, vitesse de propagaticn des ondes
marinss, Oomptes Rendus de 1'Academie des Sciences,
Paris, 98:13%4, (In French/

The compublations presented in a previous psper (see No, 0) of the
velocities of propagstion of the Krakatoa tsunami of 1883 were corrected
and & new value of 270 meters per second (instead of the previous one of
E50 meters per sccond) for the mean velocity of propagation was obtained.

L0, Boutells, T. .

188l Water waveas from Kraketoa. Scdence. 3:777.

Photographic copiss of the marigrams recorded at Fodiak (Alaska)
and Sausalite (San Francisce Bay) during the Krakatoa tsunami of 1883 are
given. After a brief anelysis of these marigrams it is concluded that
more marigraphic data will be necessary before the path of propagation
of this teunami Uyough the lorth Tagific ¢an be established,
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I, Verbeek, M,

1685 Erakatau, Betavia, Imprimeria de 1'Btet. 396-L{l.
{In Frunch)

This book constitutes the best account of the Krakatea disaster of
hugast 1863 and includes me=%t of the daba glven by other investigators
in previous reports. I1Its chapter "Mouvement de 12 Mer" contains a very
detailed exposition of lhe tsunami which accompanied the catsstrophe,
including smong others the following studisgs

{a) Determinatian of the cause =nd time of commencement of the
tounami through snalysis of marigraphic and barometric data,

(o) Compilation of data concerning the heights reached by the
waves and extent of the dmaage ln ports located in the epicentral area,

(7 Compilaticn of data eoncerning the times of arrival of the
tsunami at statlong all over the werld and computation of the velecitisa
of propagaticn of the waves to such statiens,

(et) f.ﬂmpu.t-ftt.-iuﬂ of the mean depths of the coean along the paths
of prcﬁpagatlﬁn of thas weves, and

(e} Determination of the characteristies (lenstha, peried, md
height) of f*ze main waves and deseription of tsunamis of ‘}‘:Eﬂnﬁéﬂ'}‘
magnitude, which preceded and followed the main teunani.

Among the mejor conclusions brought out by this study are the

follewings

() The tawtaml was caused by dislocation of the bed of the zes
surrcunding the igland of Eralatoa,

{e) The tidal uarh::bat.mnq recorded st Celen (ses Mo, 27) snd
Weat Cozst of U,5,4, were rmt counected wlm the Krakatoa tsunami,

(¢) The velocities of propagation of Lthe tsunami agreed with
those of proepagation of t.n.a nm_.'mel tidea, armd

vd) The dimensions of the waves and their velocitiss of propaga-
“tion resembls those observed during tsunamis associsted with sarthquakes.

L2, Watson, W.

18587 The "Uibris*a" wave, Nature, London. 36:508-509,

A description is given of the dsmage caused by o high wave which
struck the ¢ teamer "Umbria" on 26 July 1007 while it was cruising in
the Horth Atlantic, The zuthor dees not bel ieve this wave was of seismic
or yvolcanic origln. .

3. Stromeyer, . Z.

1887 The "Umbria's" Wave. Hature, Londen, 37:1F1.

flegarding the large wave that struck the streamer "Unmbria" (see No,
L2), it is pointed out that 2 similar case was cbserved by the streamer
"Raraday™ om 1k Februsvy 1004. It is belisved that ihese waves were
generated by voleanic undersea disturhances in Faraday's Heef (Yorth
Atlantie),
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Lli, Pereire, E. J.

1886 The great earthguake of Lisbon, Transactions of the
Seismological Soclety of Japan. 12:5-19.

A very detailed sccound of the structural damage caused by the Lisbon
earthquake and tsunami of 1 Nevember 1750 is given, including data regard-
ing the metsorclogical conditions prevalling prior te and after the
phenomenon. The tsunami, which swept the whole coast of Portugal, was
especially severe on the port of Lisbon, The tidal disturbances produced
by the tsunami were perceptible at Liston even a week after the disaster,
A smaller earthquake, accompanied alsc by a tsunami, was recorded ten days
after the big catastrophe.

L&, Zwmns, F, J, and Wharton, W, L,

1888 On the seismic sea waves caused by the eruptions of
EKrakatos, fAugust 26th and 27th, 1863, Part IIT of "The
Eruption of Krakatoa and Subseguent Fhenomena™ published
by the Royal Society of London. pp.39-151.
in account is given of the destruction caused by the Krakatoa tsunami
of hugust 1683, based mainly on the report of Verbeek (see Mo. L1), The
appearance during the phenomencn of new islands and volcanie cones in
Sunda Stralt and the extraordinary topographical changes suffered by Krakatoa
and sdjacent islands showed that encrmous displacements took place in the
ted of the sea surrounding Kraketoa.

The tsunsmi, sven though it was unnoticed by ships cruising in Lhe
neighborhood of Krakatca, ¢aused enormous destruction on the coasts of Java
and Sumatra, where il reached heights of 50 feet. It was recorded a%
stations all over the world., A study of instrumentsl and eyewitness ob-
aervations regarding the times of arrival and characteristlces of the waves
at stations &1l gver the world ghowed thats

(a) The waves propagated eastward and southward from Krakstoa
were perceptible only in the immediate neighborhood of the tsunami-center
and

(b) The tidal disturbances recorded at New Zealand, Honolulu,
arid the West Coast of U, 8.4, werse not connected with the Krakatoa tsunami.

The marigraphic s tudy alsc showed that the tsunami was composed of
Lwe kinds of waves:

{a) Short waves with irregular and relatively small periods,
cawsed by masses of rocks and earth falling into the sez during the
eruptions or by the underssa explosiansz, which wers responsible for most
of the dasmage, and

() Long waves with periods over one hour which were generated
by e sea bed dislocations and comstituted the tsunanmd itself as recordsd
by the marigraphs.

Since both kinds of waves were propagated with the same speed and
wers generated simultansously, it was rather dilficult to study them
separately.
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J-'.E". St:mrm'. De -Ei
1055 Abciermal Aslsstic Woves. Nature, Lonfon. &1th57 033

_ Gomplementing the inlormation given in & previcus paper Lesa o, L)
regarding tasnamis ariginated by wlosnin disturbances ay Furaday's feef,
the caros of elght streamers that wers abeuck by slmilar wotee uhile sropa-
ing the North Atlantic are cited, It i3 mawn Whal sl lesst seves, of
thepe waves may have originated st a eamsm center {Faradip's fu=f) and

might therefors ba due o shnsclne voloanis sotlivity,
l_-"?" .ml Ja

126 The et suw m2ved in vopan. The T=ograpoicw) Jevrnal,

_ Londana. ENL';?"]LMH
~ In vies of \ha dustiuotive Sanrikm (northesst coast of Japan) trusam]
of 1T June 1896 the hiph relemicity of the Tusssrorh Desp lappurest censes
of the tsunami) i pronght inte esnafdesaticns A pecleglesl alwly of thim
ardsa muggents thet ¢ slmmarine range of rougtains L= Sleawly goeming umweard,
thsrefere often producing tactonle dlaplsacaments of oie fes bade dn preof
of this Lhaory, the works of Fneluy on svtussrline displasasenta arcarring
in the Mediterranean ave gueted. Tie Yypothesls %hat thin teutant wvas
geierated by » seddan Practuce of the s2a bottmm i# corroborated by the
brvakape of a subearine eable lyiog on 8 disturbed areas

14, MKilns, J.

1094 The great neimmic wive af Japw, lavure, Londas, SG4LLB4ED
The denriku tounwed of JE96, whileh devastotsd gy =cs PorLs alomg
tha northesst cosat of Jepun, followed a relntively ssall earthquake,
Aocording to Frofy Hilue, 1t origloalad Cpem s sulden collzpse of the dub-
marine cralsr knjwn ar the Tuscaress Imep, Mirioras sécardad st thres
dapaness atetlan= Jre stadied rnd *he vorve of Hitnes rgaraing selonie
dlslocation= of the o0 ben mre qualsd, Pinalls, scveral previous dentouctive
Launamts are brdafly diotived, (2ading to W cwelusing thns wronumie
have thelr origin 48 somd diatribsnce noowrricg 1n the hod of 15 8.

h.?- Davinon, Cq

1B5T Hate oo m wiror 1 e mathed Al Adtammaning the anun
dapti ol” The wreen fem the valositss of selemie ws Waten.
The Puliusaphisal Mapssine, Lantom, [i3:30-40,

The mean ecsanue dapih mong the propagstion path of 2 taumaml, ny
compastad by the Farada Vw3l (b saiseity f teanaet prepigation boing
dateredoad [rom marigerapsdl data), s AZwuys smallse than thzt oooained Ly
srundinge, es ean W eSaprved Prom m}::'utmm mate by Wrarwo for Lhe
vare of the Krakatas tecoand of 2884 foen doe L3} nod By Owinite and Niloe
fur b2 cavs of b fquigue Ciwnant =f J4T7 l=ea ficza 30 amn 19}, Both
Whaston ami Rulre cxplain thin discropency by takdeg 4010 conaddapstilon
the meoaerany of the actunl soundings of tlin duig wea, The Juidie, W Miing



that the discrepancy is brought sbout by the incorrect use of the indicated
formule, proposed a modified method for the cese when the sea depth slong
the propsgation path of the tsunani 3s e parabola.

50, Milne, d.

1897 On the sea waves and earthguakes of Juns 15, 1696 in Nerth
Japan. Second Report of the Committes on Seismological
Investigation, British Association for Advancement of
Science. pp. 1H3-1%9%.

The times of errival of the Sanriku tsunami of June 1896 at several
perts along the northern cosst of Japan are given and an attémpt to locate
the taunami center is made, It i8 concluded that ths tsunaml was prebably
caused by a landslide in the Tuscarera Desp (about 130 miles from the
northeast coast of Japan) and was as destructive as the Krakatoa tsunami of
August 1683,

51, Milne; J.

1697 Subvoceanic changes. The Geographical Journal, London,
10(2)129-146 and 10(3}:259-289. Thie paper, slightly modified
wWas published in the Second Report of the Committes on
SBeismological Investigation, Britilsh Asszocintion for Advance-
ment of Sgience, pp. 101-206,

The ides that important sulmarine lamdsiidss and sea bed dislocations
are caused by submsrine seismic and veleomle sotion is advanced, That sush
displacements of the ==a bottom had often taken Place is proved by a study
of fractures of underses cables which were found to be turied for several
miles. The magnitude of theose dislocations lndicates thet some geologleal
changes of the ==a bed are rather large compared with those cocurring upsom
land aregas;

A list of recent ceble breakings is given, suggesting that an iovesti-
gation of seiemicity of underses reglune could be developed by a statistical
study of cable interruptisns., The {sct that tsunsmis sre frequent in under-
Ees repicns of hipgh sslsmicily is clted as confirmation of the Lhsory thet
submayrine sarthquakes are the ngin csuse of tsunemls.

52, Eaess, K.

1897 La face de 1a Terre, Armande Colin et Cie; Editeurs, Paris,
Volume I, pre 25-95, (In French) This book was published
originally under the title "Antlitz ocer Erds" in Sarman,

A thorough study of ancient recerds lad the auther to belleve that the
lsgand of the Délupge was bazed on Lhe ocourrence of & tsunami, which inundated
rart of Mesopotania in pre-bibllcel times, In order te show that tsunamis
gan cause encrmous destruciisn over great aress, the extent of the damage
caused by several veunamis opeurting during thes last century is described
briefly. The biblical legend resembles descriptions found in Babylonian
documents apparently written betaecn 330 and 260 B.L. These manuseripts
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describe £ large varthquake and tsunsml wonlch cestroyed numérous cities in
Chzaldea. The =sarthyuake wag centered apparently in the Arabian Oea and
was accompanied by extensive topographical changes.

£3, Hilne, J.

1898 Sob-oceanic changes in relstion to earthquakes, Third Report
of the Committee on Sgismological Invsstigation, British
.. _-Association for Advancement of Science, pp. 251=25L.

Infdrmatlan fiven in a previous paper (see JNo. S1) regarding study
of fractures of undersda-cables as a means of investigation seismically
active underseg regions 1s summarizad. Additional data regarding recent
cable interruptions are given and the correlstion betwsen tsunamis and
garthqueles of submarine foed type is emphasized,

ilne, 4.

1490 Earthquakes and other sarth movements, Kegan, Trench,
Trubner. and Co., London Fourth Edition, Chapter IX.

Several dastructivn tounamis are described brlsfly and nen-ingtrimsntal
data regarding height and prepagaticn veloeity of tsunamis are added,
Various theorles concverming the mechanism of isunaml generation ars analyzed,
with the conolusion that the greater nmusber of tsunemis have been produced
by earthquakes of submarine focl type, causing imderwster landslidesn.
Considering the effect of slope of the zwea bottom upon the propagation of
tsunomie, the author concludes that tsunamis cause destruction only in shallow
bsys. By spplying the formuls V = ~[gH t¢ marigraphic data obtained during
important teunamis, the mean depths of the ocean along their propagation paths
wers computed, These values wers subsequently comparsd with sctuzl depths
obtained by acundings,

5. Folo, J. T

1899 Sincpsis de temblorss y volcanes del Peru. Boletin de 1a
3001edad Geografica de Lima, Peru. B:321-249,
f:3688-116, and 9:15-95, (In Spanish)
i nomplete cafalng of atrong earthquakes recorded in Peru during
the period 1550-10080. Separate descriptions of the Arica (1868) and
Ignigque (1877) tsunamia are included,

56, Davison, C.

150d On the =ea waves connected with the Japanese earthquake
of June 15, 1896, The Fhilosphical Magszine, Landon,
bt;Tr-5ﬁ3

8 mup of the area affected by the Sanrilu earthyusks of June 1896 is
given. The guake spicenter was located dbout 2L0 miles off the coast
of Hiyalo, The propagetien through the Pacific of the tsunami which
accompanied this earthquake was studied by using marigrams recorded at
Honolulu snd San Francisco, The mean cepth of the ocean along the path
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ef propsgation of the waves, computed by the formula H = V¥g, was found to
be substantially smsller than that obotained by soundings. The marigram
recorded at Homolulu showed a group of 17 regular waves with an average
peried of 25,5 minutes, while that recorded at San Francisco showed 30
waves with an average peried of & mimtles.

57. Vidal-Gormaz, I,

1901 Terremoto del 13 de agosto a las B H.F.M. Algunos
Naufragios Ccurrides en las Costas Chilenas, Santiago de
Chile. pp. 378-382, (In Spanish)
The Arica tsunami of August 1868, which inundsted numerous poris
along the north coast of Chile, destroy=d several wvessels in the bays of
Arica and Pissgua, The lozs of these craft was due mainly to the irregular
oscillations of the sea level caused by the tsunami in the bay, After
the disaster several small beats were found lying on the beach at distances
of more than 300 peters from the ocean.

g8, Vidal-Oormsz, F,

1901 Bl gran temblor de tierra., Algunos Haufragios Osurridos
en las Costas Chilenas, Santisge de Chile. pp. 470-479.

The Iguique earthquake of May 1877 was followed by a destructive
taunami which threw up on shore several vessels standing in the bays of
Iguigue =znd Arica. MNarrativea of survivers of the deatroyed boats
regarding the height and intensity of the waves are annexed.

bl

5%9. Omari, F. and Sekiya, 5.

120l Material for the earthguske histery of Japan., Shinsai
Yohe Chosakai Hokoku [lizports of the Imperial Earthguake
Investigation Committes). L&:1-606. (In Japanese?
A catalop listing more than 2,200 stroeng earthquakes recorded in
Japan during the period 416-1860, indicating the varthquskes which wers
acconpantied by Lsunamis.

5(].. Gr:ll, Fr

190k Die Erdoeben Chiles. punchensr seographische Studien,
Munchen. ppe 1-05, (In German).

A catalog of destructive earthguakes registered in Chile during the
period 1570-1879, ineluding descriptions of the taunamis of Concepcion
(1835), Arice (1868}, =nd Iquigque (1877). Studies of the seismicity aand
wuleanism of several Chilesn zohes are annaxed,

51, ¥ikuehi, D.

190l Recent seismolopgical investigations in Japan. Tokye
Printing Company, Ltd,, Tokyo. (especially pp. 22-26)

7



The geograghical position of the epicenters of earthguekes which had
generated important tsunamia in Jspan doring the last 12 centuries are
anglyzed. 1% is concluded that these tsunamis were caused exclusively by
earthquaktes of submarine foci. This fact would agree with Professor
Omori's hypeothesis thet larger tsunamis are caused by submarine esarthquakes
of surface-focl type an et the Tsunamdl intensity is laversely proportional
to the depth of the «uriguake focl,

62: I‘C‘Ehiﬂa, Ho, Hnli':&-r k'hq. dil l"::l"all;l_, 1‘1:

1904 ;1207
1908 On the secondary undulationa of cceanic tides. Tokyo
Sugaku-Butirigaidewal Kiji-Gaiyo (Procsedings of the Tokye
Physico-Mathemstical Society), 2:222-23Z, and L:79-08
Becond Seriss. Alsc ir Philosophical Magazine, londen,
15:88-126 Sixth Series, and in Publicaticons of the
Imperial Earthquake lnvestigation Committes in Foreipn
Langusgss, 26:11-113.
With regard to the work of Prof., Umori regsrding oscillation periods
of zecondary undulations into bays, the nsture of the undulaticms in 50
Japanese bays along the coasts of the Pacific Ocean md Japsn Sea were
studied and their period systematicaily tabulsted, Finally a formula for
computing the period of the most prominent undulations into a bay was
developed. In sddition, some medel experiments on different types of bays
were carried out, verifying the Omsri theory that the peried of tsunami
waves observed on g bay are nesrly the s ame as these of the usual secondary
gnciul ations of that bay. This theory would be egpecially accurate when the
origin of the Lsunami is remcte from the observing station. A further con-
firmation of this thsory is obtained by a study of marigrams reccrded doring
the Krskatos tsunsmi of 1863, It was also observed that the periods of
smell tidal disturbances caused by cyclonic storms are nearly similar to
those recorded at ordinery times and durding strong tsunamis.

63, Cmori, H.

2906 Hete on Lhe tidal waves caused by Lhe great Erakatoa
eruption of 1883, Tokye Sugaku-8uturigalscai Ei,j.i-{‘:e.:l.‘{ﬂ
(Procusdings of the Tokye Physloc-Mzthematical Society
229} 4LE5-L57 .

The Krakatoa tsunami of August 18863 wes due malmly to the sudden
gompressicn amdl expansion of the air arsund Eraksios at the moment of
the volocanic explosions. The dislocatlons of the ses Lottom, seismic
vibrations of the sea bed, and ha encrmous gvalanche of rocks and earth
falling into the sea coniributed to the generation of the tzunami, but
these factors were negligible compared with Lhe effect caused oo the water
by guick change wn the atmospheric pressuwre over the sea at the moment of
the finsl explosion, This hypothesis is justified by showing the extra-
ordinary variation of satmospheric pra2asure recorded by barometers located
near Krakatoa. '



&, Tarr, R. 5. and Hartin, E,

1906 Recent changes of level in the Yakutat Bay region., Bulletin
of the Geclogical Society of Amerdca, 17:29-6l,

In 1905 a parfyof the U, 5, Geological Survey, making & geological
study of the Yskutat Bay reglon {Alaska), found conclusive evidence of the
earthquake and isunami which devastatsd that area on September 1899.
Physiographic evidence of recent uplifts (elevated beaches) and subsidence
(submerged forests) on the land and of viclént changes on the sea bed (new
iglands) were found. The greatest change of lewvel computed on the land
area was 47 feet, The recent accurrence of these displscements was con-
firmed by a study of plants and morine organisms. Equally conclusive was
the evidance of a destructive teunemi. The srea swept by the waves was
studied and data regarding the he:.ght. reached by the water and the energy
of the waves were pbtained.

65, R,D.0.

1906 The Valparaiso earthquake. The (eographical Journal, Lendesn.
28(4) 1386387,

On 17 August 1906 a destructive sarthquake, centering near the port
of Valparaiso, destroyed seversl cities in central Chile. A few hours after
the seismic shock, & tsunaml unnoticed on the Chilesn cosst was registered
a2t the Hawaiian Islands. The times at which the waves were recorded showsd
that they were connected with the Valparaiso eartaguake, The tsunami
would indicate a submarine origin of the earthquake but further studies
will be necessary tc determine if the disturbance of the sea bottom which
gave rise to the tsunami was accompanied by any permanent change in the
level of ssa and land. The scundings teken in Valparziso harbor have shown
8o far that dislocstions did not take place in the bed of the bay., However,
it sppears that suech changes occurred somewhere north of the bay, where the
gcianic fault was located.

45, Hondas, K,

1700 On the velocity of sea waves through the Pacific, Tokyo
Sugaku=Buturigakkwal Kizi (Proceedings of the Tokyo
Mathematico-Physical Society). 3:165-169.

The velocities of propagetion of severel strong teunamis which had
travelled across the Pacific were computed by using msrigrams reccrded at
Japanese and American stations, Several probable propagation paths were
studisd, that of minimum time being melescted. The wvelocities of propsgation
were subsequently computed by the Lagrange fermula V um When the
values obtained by both methods were compuared, it wes found that:

(@) The velocitles of different teunamis agree fairly, but are
always smaller than those computed by the Lagrange formula, snd

(b) As rogard veleelties of the same taunami to differsnt stations,
they increese allghtly with the distance, even thcough the mean depth of the
ocean remalns nearly constant.
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1907 Notes on the Velparaiso and Aleutian sarthquake of August
17, 1906. Bulletin of the Imperial Earthguake Investiga-
tion Committee, Tokyo. 1(2):75-113.

On 17 August 1906, almost simul taneocusly with the great Valpsraise
garthquske, another important shock took place near the Aleutian
archipelpge, The Valparaise earthquake was accompanied by & tsunami
which, even though it was unnoticed on the Chilean coast (owing to the
great depth of the ocean along the shore), was recorded by Japanese
marigraphs. The velocities of propagation of this tsunami to tidal stations
located in the U,.3.A., Japan, and Hawail were computed by using marigraphic
dats and by applying the formuls V -"\gi. The results given by both
methods agree fairly in the case of Jepansse snd Hawaiian stations, but
substantial discrepanciss were cbserved when marigrams reccrded st U.S5.4.
wire used. These Jdiscrepancics probably were due bo errors of the assumed
Wave pathe,

6B, Omord,

1507 Hote on the eruption of the Unsen-dake in the lith year of
Fansei, Tokyo Sugaku-Buturigakkwai Eizi (froceedings
of the Tokyo Mathematico-Physical Sccisty), Second seriss,
he32-3Y4, 4ls¢ in the Bulletin of the Imperial Barthgonke
Investigation Committes. 1(3)2142-1LL.

The eruptions of the Jnsen~dake velcano (Shimabgra Peninsule, Japean)
culminated in a strong sartagquake on 21 HMay 1172. As a result of this
garthquake & part of the Maze-yams (mountain reaching 876 meters sliove sea
level) s14id down, producing an immense avalanchs of recks snd eartk which
degscended inte the Ariaka Wan. This avalanche producsed a tsanami which
reached a heilght of 30 feet in some placss and devasrtated various willagss
=long the eastern cosst of Shimabara and Ariaka Wan, It is indicated
that & similar phenomsnon took place on 2 April 1064 in Hawaii during
the eruption of Mauna Lea.

£9. Hobbs, W. H.

1907 Drigin of cecean basins in the 1ight of the new seismology.
Bulletin of the Ueologlezl Socisty of America. 18:207-24L6,
A study of the gmographical distrlbuation of the centers of the

largest reccrded tsunamis has shown that such centers do not coincide
with the gsographiecsl location of active or sxtinct velcanoes. Therefors,
3% Ls Leldisved that taunamis would be due to esrthguskes of submarine
fool type. 1% is suggested that the seismically active zones within the
anderses regions (habitusl tsunsmi arezs) could be located through a =tudy
of fractures of transocesanic rsbles (see Ho. 51}. A preliminary study of
undersea regions indicstes that the Worth Atlantic besin is an area of
very low seismicity and shereiore dmmune to tsunamis. Finally, it is peinted
out that the dislocablons of the sea boltom would bLe enormous compsred with
thoee of lamy] 3rees,
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70. de Hallore, Montesszus

1907 Eelence seismclogique, Iibreirie Armand Oolier, faris.

_ Chapter YiI. (In Freénch)

By a comparative study of the geographical distributisn of the
epizenters of submarine carthquakes, ww!ersea volcanoes, snd teunses crnters,
it was concluded that:

%c] Teupamie only rargly eccompany submsring wolcanic di=turvances,

h) Host of the tsunamiz studied had followed 2 ahord tlses #fter
the szcurrence of au sarthguske of submerine fooi ype, ard

(c) Stropg submarine sgrthquebes= de not always producs tswiamis.
The previcid conclusicns confirm the hypothesis that tsunamis have their
origin in testondc displocements of the sca bed and that such dislocstione
are csused by seismis 2otion, For studylrg the lawe of tsunami propagstion,
merigrams reconded during the tsunamis of arica (1868) and Krakatows (1683)
W=Te BRI yRed,

n = R;ﬂfrﬁi

179y The Italian earthguake. Hature, Iooden, 79:287-288.

Much mon-instromentz]l date reparding the Pl.nai.ua-ﬂa.labm (Itzly)
earthguale sad {somamt of 20 Decaaber 1508 was collested, These data
shoted thel e sarthyuale was polyocantrie aud Chat W greatest focl
pere =obneriiz,. It is beileved that dhem pumerous sgnters would be
respans ibie for the extrzordinery displstements of the ses bed which pro-
dursd ths wmeml. he appesrance uring the carthguaka of punerous
visible land figsures on ‘Lhﬁ ¢oatts of Calsbria and Sicily indicstad te
come rxtent the magrdtuds of the unosrvater dislosations,

72+ Ricoo, Al

190 Terremots del Mes<inege ¢ 3211z Calétria 2 L \ensbre
1%08s Pelletbins delle Loradeaiz Jicenia di Sciauce
.I_.L’; ..'-'.:"E_.. M :a "|fL.|'.'l| e ..f_?t iIll Itdtlﬂ-’-}

Tue lenmnaCalabrls trunaml, which Sevastated sumireus ports slome
the sosatd 3 SLeily =ng Celsbria on 7F Oecember 1908, reashed a height
of 4 meters (o Yesrins Streit snd a macimum of § meters Lo mome haya
alomy the strait, By use of selsmsgrase recerdsd during the esrthquete,
Woich precedad the taumsml, and 4 be dansge d.zSributioa cn the pfTected
EreEy TRiuavle anformetion for trecamg the 1=cselamal 1iuen was obliined,

5 - ' -
l-:'f I-"---ILI'U iy T

TE, Resume de guslquee obssrvablons 3s M, A, Bices s e
tremilemant 42 Layre G Zi-iiF 2t de S3alabore, Lompulss
Aeagdng de 1'Academt= des Scicncew, Taris, 18e:207-209,
rTﬂ- ,‘_bn;:L'h

Hy usicy o La recerded b Frof. Hiceo (see fe, 12); the earthquske
ana ~sunanl w::d.ch davastazad .,..lﬂhr?..a #i.d Sicily on December 1908 ars

SEEE LI .
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?ho I'I'Viﬂﬁ, A.

1509 The Italian esrthquake, Natwre, Londm. 79:428-4L29.

A geologicsl study of the epicentral area of the Messina-Calsbria
tsunami of December 1908 showed that the seismic fault shich produced the
earthqueke preceding the tsunami started from the north coast of Calsbris
and followed south down to the entrance of Messinag Strait, where it broke
into twe branches extending through the entire length of the strait.

This bifurcetion of the faalt would =xplain the dual tsmmami which des-
troyed the porte of Messina and Reggio, Located on different sides of the
strait. The &tudy aiso showed that the sea bed in the eipicentral area
cresents the same geclopical and geophysical characteristics as the north-
cast cosst of Japan where tsunamis are frequent, The predominsnt dis-
placements were upheavals of the sea bottom, which were confirmed by the
nature of the external fissuring of the ground observed cn the coasts

of Calabria and Sicily.

75. Riecco, Al

1909 I1 terremoto £ maremcto del 28 dicewbre 1906. Bollettino
della Accademis Giocenis de Scienze #daturali, Catania.
rp. 10-17. (In Italian)

The information given in a previous paper (see Ne. 72) regarding the
Calabria-Messins tsunami of December 1908 is supplemented and the
decrease of neight of the tsunami along its propagation path is studied.
By osing marigrams recorded av Halta the velocity of propagation, leagth
and height of the mein waves were computed, The theoretical vpheaval of
the ses bottom necessary for producing a tsunami of such destructiveness
was also computed. The value thus determined was of such magnitude that
displacements of the sea bed could not be accepted as the main cause of
this tsunami.

T6. Platania, G.

1909 I fenomeni merittimi che sccompagnarono il terremoto di
Hessina. Hivista Geografica Ttalifina e Bollsttino deila
Socleta 41 Studi Geografici e Colonisli, Firenze,
16218 -181. (In Italian)

This caper is 3 summary of an article regaminb the Hessins-Ualsbria
tsunawmi o* Cecomber 3208 which was published later in the Scllistiino
della S¢:T=%a Sismnlegics Italians (see Ho. 79).
ite “.—'_i.'." i, P :'-'211} G-

1309 Usservazioni preliminsri sul ierremoto Cslshro-Megsinese
del mattino Jdel 28 dicembre 1508, Bollettiino Bimensual
della Societa Metsorclogica Italiama, Vol. 26, Hos. 1-1.
{In Italisn}

Be-a § ta ed ==y 2{ the times of arrival and helghis reached by

ihe wavag at differert ports slong the coasts of Sicily and Calabris

during the ua_[;-h?m-!'ﬁuﬂiﬂ;. tsunsmi of Decembar 1908, the path of
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propagation of the tsunami was determined. The decrease of height of the
tsunami along its propagation path was alsc studied.

76

1909 The Italian esrthguake of December 28, 1908, Hsturs. Londen,
BozLLE.
This paper deseribes briefly the Calebria-Mezsina earthguske and
tsunami of December 1906 with data iaken from the reperts of Hartinelli
and Platania (see Bos, 76 and 77).

79. Platenis, G,

1909 I1 maremotc della strebto di Hessina del 27 dica:mbre
1708, Bollettino della Sccieta Sismologica Itali,ana,
Modsna. 13(7 & 8):369-468, (In Italian)

A yery camplete description of the structural damsge caused by the
Messina-Czlabria tsunani of December 1%08 on ports along the coasta of
Sicily, Calabris, and the Eolis Archipelsge is gven, On the basis of
nen-instrumentsl dets, obtained mainly by guestlonnaires of eyewitnesses,
it is shown that the tsunzmi was produced by strong displacemsnts of the
sea bad, As a3 confirmation of this conclusion the hreaksge of four
trensoceanis cables lying on the epicentral asrca is mentioned., The maximum
height reashed oy the teunami in the immediatéd neighborhcod of the coast
vaz sbout 7 meters and the wave pericds varied between 10 and 15 minutes,

8G. Omeri, F.

1509 Preliminary report on the Mesgins-Heggle sarthquuke of
Decemper 20, 1508, Bulletin of ithe Imperisl Farthaugke
Lweati.ga"*'w Committes, Tokye. 3(2)137-LS.
2y a carsful investigation of the tracss left by the Messina-Calsbria
taunsni of December 1908, the directions of propsgation of the waves 2t
different ports on Loth .f-:idea of the lessina Strait were computad. With
these data the center and path of propagatics ol fhe tsumami were computed,
it being concluded that the tsunami probsbly f_h.l...- two centerg and ‘hat
only tha smailler one sesmed to coinedde wath thes location of the carin-
guake spleanter. It iz finally peinted out Lhal Uhe tsunand was caused
by great dislocationg of the sea bed in the Swrait 2f Heasina,

Bre Lasnfhe, V1,

Iz sretast~is sisvica Csiabro-Massinese. NHelanions
231a focista Usopraf™iss Ifaligne, Hows, (In Italian)

& ¢ ery conplete report oathe Struclural damage produced by the
Heszins-J il sbria tavnami of Tecember 1908 on ports along Lhe coasts of
81011y, Criatwia, Isple Eplis, ard sdjacent islands in the Hediterrancan
e WEvE, The s ﬂpu“b nela l‘-"F da'a regarding beights reached by the
*aupany, 1lw e of greival; “he =teorslopgical conditions prior to and
siter Lhe pasznomanon. & urluf laserdption of previols tsudmmiz wilsh
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had occurred along the southern coast of Cglabria is dlso given. From a
comparative study of these tsunamis it is concluded that most of them ware
produced by earthquakes with submarine foci, but that at least one of the
smallest tsunamis recorded (16 November 1B89L) was generated by a quake
centering entirely on land.

2. de Sousa, F. L. Pereira

1511 La raz de maree du grand tremblement de terre de 1755 en
Portugal., Conpies Rendus de 1'academie des Sciences, Paris.
152:1129-1131. (In French)

The destruction caused by the Lisbon earthguake and tsunami of 1755 on
the coasts of Portugal and the Azores is described. This description
includes non-instrumental data regarding structursl damage, heights reached
by the waves on the coast, and a study of the topographical features of the
epicentral area. The direction of propagation of the wave suggests that
the tsunami cantsr lay at the entrance of the Gulf of Cadiz, where the
earthguake reached its maximum destructiveness.

B3, Platania, 0.

1911 Ricerche sulls oscillazioni del mare nelle coste di
Sicilia. I1 Nuove Cimento, Pisa. 6th Ser. 2:3L9-359.
Also in the Bellettino della Societa Sismologica 1taliana,
Modena. 15(6 & 7):223-272., (In Italian)

The origin snd nature of certsin rhythmic oscillations which had been
frequently recorded on the Ligurian coasti were studied through marigraphie
analysis, The periodicities of such oscillations were also compared. It
was concluded that these undulations are due to meteorological phenoména
(winds, rapid variation of the atmospheric pressure, ete.). It was also
cbserved that the periods of such oscillations and theose of tsunami waves
(Calabria and Messina-Cslsbria tsunamis) were nearly equal.

8L, Platania, G.

1912 I1 maremoto del 23 ottobre 1907 in Calabrie e la propaga-
zione delle onde di maremoto. Bollsttino della Societa
Sismologica Italimna, Modena. 16(5 & 6):166-17L.
(In Italian)

A desseription of the Calabria tsunami of 23 October 1907 is given.
With marigrams recorded at Catania and Messina during the tsunamis of
October 1907 and December 1908, and by asguming the coincldence of the
tsunami-centers with the sarthquake-epicenters, the velocities of propa-
gation of these tsunamis were determined., It is shown that these velocities
agree well with those computed by the formula V =“J§H if the sea depth
glong the propagation path of the tsunami is assumed to be a parabola
(see No, L9).

85, de Ballore, Montessus
1912 Terremoto y maremoto del 13 de agosto de 1868, Historia
2l



Siswica de 1ns Andes Meridionales, Ssntiage de Ohils.
2:77-158. (In Spanish)

In this thorough study of the frica earthquake and tsunami of August
1868, a good deal of instrumental dats regmrding seiswic snd metecrclogical
cbservations made prior to and after the phenomena as well as numerous
narrations of eyewitnesses.are included. From sn znalysis of the times
of arrival of the waves st numercus poris on the ccasts of Chile ami Pern,
the tsunami center was approximately located am the path of propagstion and
velocity of the waves computed. Data concerning the arrival of the
tsunami at ports zlong the coasts of New Zealand, Australis, Hawaii, and
California are added. Finally, the computations made by Hochstetter
(see Hos. 7, 9, and 11) of the velocities of propagation of this tsunami
are discusssd.

86, de Ballore, Montessus

1912 Terremoto y maremoto del ¢ de mayo de 1877 ean Chile
septentrional y Peru meridicnal. Historia Sismica de los
Andes HMeridionales. Santiapo de Chile, 2:162-223.
(In Spanish)

From 3 s tudy of the structural damapge csused in soathem Peru apd
northern Chile by the Iguigque earthquake of May 1877, the positisns of the
quake epicenter and the isoseismal lines were determined. A geological
survey of the epicentral area was made, but lamdslides or fissures of the
gromnd were pnot found., This absence of topographical dislocations is a
characteristic of ths earthguakes cccurring in the southern part of the
Western demiaphers, The tsunami that sccompmnied (his earthguake was
responsible for most of the demapgs suffered by louigue, Arica, and other
harbors situated in the eplcentral area, Thisz tsunapd was recorded by
tidal stationa in Califomdia, Hew Zealand, and Japan.

87. de Ballore, Hontessus

1%1°2 Terremotoc § maremoio en Concepcion y Talcahummo el 20 de
febrero de 183%. Historis Siemica de ios Andes Meridionales.
Santiago de Chile. UL2130-173. (In Spanish)

A detailed study of the most relisble dats copcernming the desiruction
cansed in Talcahuano and the islamds of Sants Haris, Quirigaina, =nd Juan
Fernandez by the Concepcion tsunami of February 1835, showed that tae
topographisal dislccatvions in the sgicentral repisn were practically
nepligitle and the structural damegs relatively amall, The above con-
elusions contradict the statements asde by Fitz sy end Csldeleugh in
their reparts (See Hos. 1 =nd “J.

8. Sanc, K., Hasegawa, K,
191S Cn the wave produced by 'he sudden depression of a small
portion of the bottom of 2 seg of miforam depth. Tokyo
fugakn-Bnta=igskiwai Kizi Frocesdings of the Tokyo
#athemavico-Physical Socisty). 2nd Ger., 8(7):187-197.
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By considering three-dimensional, irrotationsl moticn, mathematical
computation was developed in order to determine the charscteristics of the
waves generated when s cylindricsl ares of the sea bottom subsides suddenly.
The formula finally obtained for computing the elevation of the free surface
of the sea at s wvariabie distance from the center of disturbance was gpplied
for studying the prepagation of the Sanriku tsunami (Pacific ecoast of
Northeast Japan) of 15 June 1896. The computed values agreed partially with
those recordsd during the phenomencn, but some substantial discrepancies
were observed. These are explained by taking into consideration additional
phenomena occurring near the coast where the data were recorded.

Bo, de Ballore, Montessus

1915 Terremoto del 16 de agosto de 1906, Historia Sismica de
loe= Andes Meridionales, Santiage de Chile, 5:263-289,
{In Spanish)

According to seme foreizn investigators (see Nos, 65 and 67) the
severe Vglparaiso sarthguake of August 1906 was followed by a tsunami which
was recordsd on the coasts of Hawaii and Japan. In order to show that
the recorded tsunami was not connected with the Valparaiso earthquake, the
aothor points out that:

(2) The tsunami was unnoticed in the archipelago of Juan
Fernandez, which is locsted in the assumed path of propagstion, and

(b) The tidsl disturbances on the Chilean ccast, asccording to
instrumental snd eye observations, were practically negligible.

9G. HNakamura, Saemontarc

1918 Note e¢n teunamis, Tokyo Sugaku-Batarigakkwai Kizi
(Proceedings of the Tokyo Mathematico-Physical Soclety].
2nd Ser., 9(22):548-555.

It is indicated that tsumamis can be produced by submarine earthquakes,
volcanic eruptions, typhoons, and meteorologicsl disturbances. From
marigraphic data recorded at the islands of Uruppe To and Ogasswara Gunto
(Japan) during the North Japen tsunami of 0 September 1518, the mean
oceanic depths along the propagation path of the tsunami were computed and
later cn compared with the values given by Milne in his study of the
Ignique tsunami of 1877 (see No. 19). By using the instrumental data
racorded at the North Japan tsunami ap attempt was made to compute the
enargy of the tsunami waves and the rate of energy decay along its propaga-
tion path: Finally a list of tsunamis of meteorclogical origin, recorded
during the period 1677-1917 in Japan, is given and thelr chronological
distribution discussed.

91, Maso, M. Saderrs

1918 Oreat earthguake and tidal wave in southern Mindanao.
Bulletin of the Seismological Society of fmerica. 8(L):125-126.
On 15 August 1918 a strong earthquske centering in the Celebes
Sea of f the southern coast of Mindanao was recorded by selsmographs
located at Manila, The seismic shock was followed by a tsunami which
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swept the coast of Hindanao causing cnesiderable destruction, The de-
vastated region is inhabited by wild trives, which wil) make it difficult,
if not impossible, to cbtain infermaticon regarding the extont of the damage
and the mmber of casualiiss.

92. Reid, #, ¥, and Taber, S.

1719 The Forto Hico earthquake of 1918, Report of the Earthquake
Investigation Commission, House of Represeniztives, Document
o, 269. Washington, D, £., po. 25-31.
The Puerto Rico earthquake of 11 October 1918 was zcccmpanied by a
destruciive tsunami shich reached heights of L.5 neters above the mean
ses lsvel at ports locasted along the northeest coast of Puerto Rice. It
was recorded by tide gages on Haiti, the Dominican Republic, and AtEntic
Coast of ¥, S.A. The earthquake had = submarine focus, and its epicenter
uns apparcotly located in the northesstern part of Yona Passage. The
bregkap= of s=v=rzl telegraphic cables lying on the spicentzTal area
suggested that large disiocations or laadslides tock place in the bed of
the sea at the tims of the seiswic shock,

23. Limmeman, C,

1¥i¢e Eesena sobre €l terremcto de Coplapo. Boletin Hinero de
1a Sociedad Hacional de Ainersz, Chile, pp. l12-420,
{In Spanish)
The Copiapo tsunsei of L Decssber 1918 caussd damage in the port
of Caldera where it reached 2 height of sbouot & meters zbove ihe level of
normal tides. After the earthgnake which preceded the tsunami, s few
Piszuras persilel to the ¢ccast were observed on the beach of Caldera.

94%. Raid, H, F, gnd Tsber, 5.

1919 The Forto Hico sarthquake of O-tober-flovesber 1918. Bulletin
of the Ssimmolopicai Society of America, 9(h}:11c-11k.
& sumnary of ko. %2.

?5- Da“imn, -

197 A manun) of seizmology. Cambridi= University Prese.
Chapter VI,

2ared on dallet's estalog of cirthquakes (see ¥a, ) and dats collectad
during th=s largeat observed taummapi=, a generzl study of tsunami pepera-
tion and propagation was made, It was eoncludsd that the largest tsunamia
have be=n cansed by abrust formations of mbmsrine fault-scarps. The
earthgualtes =hich produced thees faylts Naj their splceatars sither
whally or pariZaliy mdor the sez, The helsuts reached by the waler daring
salor tzu-sAnls are given, snd a stady ef the propagation of these tsunowmis
is msde. Tladlly ke natgre of the oscillatione prodoeced in bays by the
TTOSTAcS Ve LEGnAml withsE 1 analyzéda.
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96-

1523 Farthguske weve in Hewali, Monthly Pulletin of the dswaiisn
Velcano (bacrvatory, Homelolu. 11{2):11,

Cn 3 Febrnary 1971 a tawi=ii was recorded at the port of Hilo, vhere
tne wavan repched heights of 20 feet. It i believed that this tsunami,
which was alsc observed in Honolulu and other ports on the Hawaiian Islands,
was connected with the earthquake which tock place a few hours earlier near
the Alentians.

?T L] ‘.SE lga > H"

1923 The Zamboanga mareogram of the Coguimbo sarthiquaies,
Proceedings of the Pan Pacific Science Congress, Sidney
Meeting of August-September 1923. 1:587-5%0.

The Atacama earthquake of 10 November 1922 was of submarine type,
therefore giving rise to a tsunami which swept the coast of Centrsl Chile,
causing considerable destruction. According % marigrams Tecorded at
Zamboanga (Mindanao) the waves, which had an average length of 1,130
kflomsters, were propegated towards Zasboanga with a mean valocity of 410
mileas per hour, However, computations miade by using Jspanese marigraphic
data =how=d {hai the tsunmmi wzs propagsted toward Japan with sp average
gpeed of 208 meters per Becond, and the mean length of the veves was
sbout 372 Kiometers. The remarkable difference betwsen computations
are expleined by considering the topegrzphic conditicns of the cbserving
stetions and the marked differences between the Lwo paths of propsgation.

98. Belot, L.

g2} Eor une forme de ¥oleamisme latent en relation avec lss
trenblements de terre et ez raz de marge. Comptes Hendus
da MAcademie des Seiznces, Pariz, 177:700-703. {In French)

Vilganiam has always besn dafined as the phenomencn caused by the
subterranean =tticn ol gae amd vapor whose pressures aré capabie of bring-
ing meltsd moterials from the -arth's interior op t© the sround level,
Ig this pater the author sugpests glsan the inglusion inder wvulcanism of
the cares vhere the vrepsares of the gas are umable o 1ifL the melited
subcstances up to the ground l=vel and where the internal temperatures are
lowey than the melting point of rocks. This valcaniom would be found in
z e iype of "internal velesano® without cratsrs, whoch would be locsted
mainly an wnstable coasts, 1L is belleved thet the eruptions of these
internal volesnpoes ware the malp csure of =zome Japancse earthguakes wiich
vere accompanied oy tesumamia, Acccrdisg to this theary, ths eruptions of
the internal volcances wowld pruduce blg fissures in-the ocesn Led (open-
ings of ev=tlers’., The sea water would rosh ints there craters producing
a mdden depression of the sea surface which would csuse a tsunami. The
Yoermation 0of these Tiasdrer £4¢ would produce seismic shocks of great
¥iclence. The faet that in most of the Jspansse tsunamls the first motian
of the water was & downfal’ of the sea lavel (nopative wave, would gonfirm
thin theory, On the ofher hand, 1t has ceen observea thet 1he sarthquaies
preceding teunamis are ol surface-foci type, the depths of their hypocenters
being betwesn 10 and 15 kllometers. A% these depths internal temperatures
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of 300 to L50°C, are lower than the melting point of rocks, Based on
this theory the author carried sut a model experiment on the mechanism
of teunsmi generation, ceoncluding that ihe theoretical and experimental
values spreed remarkably,

9?. Elldﬂ, K| m Eﬁ‘ki, K.

1923 On & few fsunami waves which occurred recently in the
Facifie. Umi to Sova (fky and Water), 3:95-98, 1131-11kL.
{In Japanese)

The velocities of propagation of the Atacama tsunami of 1922 gnd of
the Aleutain tsunami of 1923 (see Nos. 9¢ and 97) were computed by
uping merigrams recowied et Japansse stations, From these yalues the
mean depths of the ccean were computed by the formula H = V&/g. The
discrepanciss between the computed valuss and the resl depths, obtained
by soundings, are explained by taking inic consideration the complex
topography of the ocean bed, The retes of damping of tsunami waves are
discusssd and an attempt in made to ofe these values sg a meansg of
determining the cosfficient of viscosity of the sea water, In addition,
the nades of cacillation of taurswis in bLays are studied, it being con-
eluded that the second and third harmenics of the fundamental perdod
are highly predominant,

100, Fineh, R, H,

152k On the diction of tidal waves, lonthly Weather Review.
52(3)= - [?-1llar

Teunsmis are due %o topographical changes occurring on the sea bottom
wd their yelssitdes of propagation depend on the mean depth of the seas
irevargad, The destrootion they cause on shores is closely related to
their hedghte and periodn, facters depending mainly, sz it had been ob-
zaryed 0 Japen, on the comstal tepograghy, —xperiencs gained dwring the
aleutian tsunami of February 1923 indicates that 1t is possible to predict
geourztely the spproach of taunamis, because the seismic weves of the
zarthquale associated with the tsunami are regleterved by selsmographs
aeverzl hours prior to the arrival of the sea waves.

100, Tyosi Ketearslogical Cbservatory

192l liote on the waves and tides on the day of the great carth-
quakea. Journal of the Feteorclogical Scelsty of Japan,
L3:88.91,. (In Japanese)

Forty-five mlnutes after the great Kwanto (mouthesst Japan) earthquake
of 1 September 1523, the tide page at Tynsi Meteorcloglcsl Cbservatory
recorded the arrival of o few waves with an aversge period of 10 minutes,
Pollowsd by & group of regular waves reaching a maximum amplitude of 0,82
mater., After theae wavea tha oseillations became somewhat irrepulsr. IL

. podntod out that aince January 1923 the sea level had been gradually
rining and thet throughout the tsunami the mean level sank slowly wuntil
reashiing the level of normal tides.

29



102, Imperial Naval Hydrographical Dept.

192k fleport of the Hydrographic survey of Sagami Nada after the
great sartagquake of September 1, 1923, Imperial Yaval
Hydrogrephical bepartment, Tokyo. (In Japanese)

The Ewanto earthquake of 19213 apparently criginated on the occesn bed
of Zagami lada sbout 00 kilometers sowthwest of Tolgro. A& comparison of
the values cbtained by sounding surveys carried cut in 1712 and imwediately
after the phenomenon shows thats

(#) The sea botton appeared gencrally depresied in the southwest
part of Sagard lNsda snd uphesaved in the northsast part,

b) The depression took place in deep water (over 1,300 meters
depth) and coversed sn area of abteut 32 pquare nsutical miles,

() The maxipum vertical depression recorded was about 180
metars ana

(d) In the morthesst part of Sagami Nada, upheavals of more
than 100 meters were recorded in e wide area.

These remarkable topograchical changes seem to be responsible for the
tsunami that accompenied this sarthquske,

103, Imamara, 4.

198h Freliminery notes on the great earthguske of southeast
Japan on feplemper 1, 1923, Seismolosicsl Notes of the
Imperial Farthguake Investigation Cormmittee, Tokyo. 611-22,

Huch instrumental data congsrning the Ewanto earthquake and tsunami
of September 1723 are piven. In regard toc topographicsl changes sccomproy-
ing theze pheromena, it is indicated that:

(&) Trisngulation and level surveys carried out by the Land
Survey Department (Japan) =oon after the earthqusks showed that imporiant
1gnd=t ldss had ocourred on the peninsulas of Miura, Idu, snd Boag and on
the mountzinous districis of southwest Sagami, =nd _

(b} Scunding surveys made by the Impsrial daval Hydregraphical
Department (see Ho, 102) showsd that importent dislecatlons of the sea
bottom had taken place in Sagmni Hads.

The heights reasched by the tsunami at several ports are tabulated
and the effects of cozstal confipuration and sss bed slope apon tsunami
propagaticon are studied, Two appendices accompany this paper, The first
one incluades & sétalog of destructive earthguakes recorded at Japan since
1596 with =2 description of the Japanese seismic zones the secound gives
a further account of the topographical changes accompanying the earth-
qual'-'E»F-

104, ©Suda, K.

1924 (n the great earthguake of September 1, 1923, Memoirs of
the Imperial Marine Observatory,. Kobe., 1:138-739,
Gives detsiled account, including spundant non-instrumental data ob-
tained by ouesticnnarie from eyewitnessss, of the viclent Kwante esrth-
quake and tsunami in September 1923, After the esarthquake noticeable
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vertical displacements of the lend were observed., In order to lsarn about
the mechanism of gensration of the earthquake and tsunami, sn interesting
geologleal study of the epicentral ares was carried cut,

105. Tkeda, T.

1225 Tsunamis or melamis tidal waves, Shinsai Yobo Chosaki
Hokoku (fieports of the Imperisl Earthquake Invesidgation
Committee), 100-3: $7-112, (In Japaneze)

The hwanto tsunami of 1923, even though it propsgated to gresat
distances,; caused damage only to ports located in the epicentral srea
{Sagami Nada), reaching maximum destrustiveness on the V-shaped bays of
Atami Hakuchi, Ajire Ko, end Ainchama, It was observed that although
the weves were relatively small at the entrances of these bays, they
reached destructive heights at their inner ands, supgesting that the des-
truction caused by tsunamiz in bays depends mainly uvpon the topegraphy
of the coast.

A study of the dirvections of propagation of the tsunami and of the
reflections of the waves in thos# bays indicated that the tsunami was
generated on the upheaved zonz of Sagami Nada (see No, 102) and that the
enormous depression cbserved on the southwest part of this bay played
only & small part in the production of the tsunami, This hypothesis
is confirmed by the fact that the preliminary motion of the water on the
coast was an elevatdon of the aeca level (positive wave), which, accord-
ing to dets recorded in previous taunamis, 1s quite unusual,

106, Térada, T. and Yamaguti, S.

1629 (n the propagzation of the tsunaml that started from
Cegami Nada. Shinsal Yobo Chosaki Hokeku (Reporta
pf the Lmperial Barthquake Investigation Committee),
Tokye. 100-B1113-120, {In Japanese)
By using marigrams recorded during the Kwento tsunami of 1923 &t
several tidal stations located along the Pacific ccast of Japen and en
the warts of the Japan Sea, the pericde =of the most important oscillations
in the bays were computed and the propagation of the tesunami was diseussed.
It was concluded that:
(a) Useillations with pericds of sbout one bowr predominated in
a1l the bays studied, and
() The tsunami was generazted by wverticsl displacements ocourr-
ing in the floor of Sagami Nada (see No, 102).

107. Jaggar, T. 4.

1925 Titgl waves, The Tolcang Letter, Hawali. Ne. %0,

Tsunamis are caused either by subcceanie earthguskes or by
metecrolegical phencmena such a2& typhoons. A study of the zeopriphicsl
distribution of pajor tsunamis showed that the Atlantic coasts gre
praclically free of them, buf along the Pacific shores of scuthern Latin
Arerica snd Jepan they are notoriously frequent. Iofcrmation is summarized
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regarding some major tsunamis origineting on ths coaste of Chile and
Peru, which were recorded at the Haswsiien Islands,

168, Jaggar, T. A,

1926 Forewarning of tidal waves in dawaii. The Veolecano Letter,
Hewadli. No. 5?t

Cn Janusry 24, 1926 a tsunami following & strong earthquake of wunknown
orizin was registered at the Hawailan Is)ands, which is the best observa-
tion station for recording tsuneeids originating either on the Pacifie
cgaat of the Amsricas or Japan, Te coyrchorate the importance of Hawaidl
a= 3 place for tsunami cobservation, a list aof the tsmunamis recorded there
durdng the Jest years is given,

199, Wlisoet, H. M,

1926 The %idal weve in Pelmerston lsland. The Volcano Latter,
Hewaii, Ho, ¥3.
On 12 May 1920 a teunsmi swept the coasts of Palmerston Island,
losated sheat 300 mlles northwest of Marstonga, destroying all the tulld-
lngz there.

-

1L, Imemura, 4,

1926 The great earthquake of southeast Japan on September 1, 1923,
Scientifie Japan, Third Pan-Pacific Science Congress, Tokyo.
Ppe 141-176.

this paper iz the same sa thet listed under Wo. 103 of this biblio-
Eraphy.

1—1:'.4 UZL'.LE-B]‘.'I., R- H-

1928 Seismic ses waves pt Uilo, 1927. Monthly Bullstin of
the Hawaiian Veleane (bdervatory, Honolulu. 14(3):21-25,

During the year 1527 the tilde gage at Hilo recorded the arrival of
tho tsunamis which accompanied the ssrthguske of Califernia (4 NHovember
1627} and Xamchatks reglons {28 December 1927), MHarigraphic dats con-
cerping the times of ayrival af both Tsunsmis smd the chHaractsristics
of the waves at Hilo are gpiven: THe welocities of propagation of both
tsunamis, computed from the merigraphic deta were found to be npearly egusl
[approximately 200 miles per second). [Finally scme information is given
corcerning tsunamis which had been racerded in previcus years at Hile
and other ports 1n the Hawsdian Izlands,

1127, Lmamirs, 4.

1928 Un the destructive Tango sarthquake of March T, 1927.
Bulletin of the Earthguske Rgsearch Institute, Tokyo
Imperial University. L:179-202. (In Japanese with
English sumnery)
L few hours after the Tango lJapan) earthquske of 27 Marech 1927,
2 mmall tsuwnami, quits harmless, wss recorded in saveral ports on the
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Japan Sea. Permanent upheavals of agbout 0.8C meter occurred along the
opast of The Japan Sea and temperary elevations of the coast seemed also
to have taken place a shert time before the great seismic shock.

113. Wilscn, B, M,

1928 The seismic sea wave at Hilo. Memthly Bulletin of the
Hawaiian Veleano OUbservatory, Homolulu, 16(6): La-42,

On 17 June 1%2{ the tide gage 4t Bilo recorded the arrival of the
tesunami which accompanied the Mexican earthiquake of 14 June. The
earthquake centered in the Acapuleo Deep (Facific Ocean) about 125 miles
off the Mexican onast. The tsunami caused conciderable damage in the
epiceniral area;, being especislly severe on the ports of Chacahua and
Puerts Angel. TInstrumental dats concerning the times of arrival and
charscteristics of the waves at Hilo are given. The velocity of pro-
pagation of the waves calvulated from the marigraphic dats was approx-
imately 203 meters per second.

111'49 Ja-gﬂara '!.o Al-

1929 Seismic sea wave of Mareh ©, 192%, The Yolcanp Letier,
Hawgii. No. 220.

On & March 1929 & strong submarine ezrthiqueke centering on the
northern slope of the Aleutian Trench sbout 100 miles south of Amukta
Island was followed by a tsunami which was recorded by the marigrasph at
Hilo Bay, Hawaii. BEven though the seismic shock was zs strong as that
gecurring in the same area in February 1923 Lﬁee fo. 96}, its tesunami
was smaller, suggesting that the magnitude of tsunamis can be atrengly
affected by the winds and tides prevailing on the traversed seas. The
marigraphic dats alse showed that the tswmemi of 1929 apparently traveled
faster than fthat of 1923,

uﬁ. ‘I'lrill'.'ﬁ, E'l'

1529 Earthquake eonditions in Chile. Carnepgie Instituticn
of Washington, Publication No. 382,

A brief description of 22 severe sarthnuakes which had occurred on
the northern coast of Chile is given, Five of these earthquakes were
accompanied by tsunamis, Abundant non-ingirumental data regarding the
Atescams tsuwami of 10 Hovember 1922 are added. For tracing sctive
faulte 4 careful examinatisn of the epicenbtral area of the Atacama
earthiquake was made, but impertant fissures or landslides were not feund,
From a very detailed study of the geclogical features of this area, it
is goneluded that the sarthquakes observed in nerthspn Chile were
mainly of submarine fecus type.

116,

1929 Submerine landslides. Science, Supplement (Scisnce
WE‘E‘EJ- ?ﬂlv 1?{:"1 P_t :':.-
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The Hewfoundland earthquake of 18 November 1929 cantersd just off
the edge of the continental shslf, where the ocean Lottom has 2 ateep
slope and the seiamie ghaling therefore can sasily produce important
landslides, That such landslicdes took plece during this ¢arthqualke is
shown by the tfunami and breakspe of transgceanie cables shich accompanied
the seismic shock,

117, gGregary, J. W.

1989, The esrthguake south of lewfoundland and submarine canyons,
Hature, Tondon, 12L:9L5=vLE,

The Newfound]and ﬁsrthquaha of 17 end 18 November 1929 csused a
taunesi which inwmdoted the cosstal ares of Surin Penjisnisula and in places
swept inland to the height of 100 feet. The breakage of 11 transccoanic
cables lying on the epicentrel zrea indicsied that the earthquske was
mrobatly dis to a reneyed subnidense of the submarine souwthern eontinustion
Crf + al:mt ftrgit. The peological features of the epicentral ares are
studied, and it is pointed cut thai s sipilar geological configuration
1= found =t saveral placds slong the eastern coast of Canada snd U, £, A,
and that probebly o further study of the seismic shock will reveszsl important
facts congerning the geclogical formation of these regions.

Y18. Jaggar, T. A

1529 A big A0 antic earthquake, The Volcano Letter, Hawail.
?I‘:'I 2'51'

The Newfoundland carthquske of Wovenber 1929 centered scout 180
miles south of the Hewfoundland coast; of 7 the edge of the contimental
shelf, and sposrently emused important to-rraphical changes on the gea
bottem. The fact that the sea "otlom in the epicentral srea i= fairly
staih =nd that Lreavags of =everal tranczocesd{c osbl)er wha clbasrved
smnetiiately aftar the phenomencn would tend to conlirm the existence of
aach. displacementa. The Usunami wae 2specinlly severe at flacuntis Say
vhere 1t caused heavy siructursl damspe, Dgha regarding casa'fies and
deteils of the nsturs of the ruptures of the cables are added.

119, Dhomlnien Observatory, Uttewe

185G }‘rﬂ‘dﬂiuﬂr} noteg on the Grand Zanks earthquake of
Novamher 18, 7929, Enruiquake llotes, Rastern Bastion of

bha  the Seis nmhgmﬂ »ﬁciety of Ameérica, 1(3):3,

nring the fhewfoundland earihqualte of November 192%9, a zroup of
Waves propagating rorzhwerd Cram the spleentre] sres csused eonsidsrahle
dinsmpe st Flscentia Bay (locsted shout 300 miles from the epiceuter) ewen
thongh Zeble island, lying less than 100 milsa from the teunami center,
escaped widamscarl, Tho selithwerd proccgrtion of the tsunami was rether
negliginde, azhcs e tlde paee an the Atlantice copst of Cenadp registered
only slight tidsl pertorbations,
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120, U, S. Coast and Geodetic Survey

1530 Preliminary information on the Grand Banks Earthquake,
Earthquake Notes, Eastern Section of the Seiswmolagicsl
Society of Mmwerica. 1(3):i-5,

HMarigraphic data registered at statiems in Marylsnd and South
Carolina during the Newfoundland taunami of November 1929 showed that the
waves were propagated touards these siations with welocities betwesa
240 ang 286 milez per hour. A mevers storm which was raging along the
lew England goast made it inpossible tw aprreciste the magnitude of the
tidal dlsturbances cauced by the tsunami in the northeast coast of U.5.A.

121, Jacgar, T« &

1930 beean waves from suomarine earthquake, The Voleczmo
Letter, dawaii, Ho., 27L.

Most of the earthquakes originating off the Alasksan cozst or in
the Aleutisn archipelspe affect the iopography of the sea boitom, there-
fore cpusing tsunamis which gare generally propagaled southward and re-
gistered at the dewaiian Islands. A study of the seismic history of
Hawaii shews that 11 taunamis of perceptible magnitude have been recorded
there zpd that their velscities of propagaticon fluctuated between 204
amd L1 =tatute miles per hour. Finally, information concerning the
Aeutisn tsunagmis of February 1923 znd March 192% is added and the des-
truction they cause in Hewalian ports is compared.

122, Hodgson, E. A. and Doxsse W. W,

1930, The Grand Banks earthquake, November 18, 1929, Esstarn
Buction of the Seismelogical Zociety of America, Pro-
cradings of the 1930 meeting, Washington, 0. C,, May
1530, pp. T72-01.

The Mewfoundland sarthquake of 18 November 1%2% was apparvently
generated by two ssimnic faults which extended for an approximste length
aof 375 miles parallel to the axis of Cabot Ctrait. The esrthguake was
sccompanied by & tsunami, caused aspparently by dieloestions of the sea
bed in the epicentral area. Rupbure of several btranscceanic cables lyinc
in the affected area conlirmed the existence of such topsgraphlczl dis-
locatign=. Howsver, Lhs sounding =urveys completed to dste show enly.
small vertical displscements of the sea bed Jess than B meters).

123, Keith, A,

1030 The Orand Banks earthguske, Eastern Section of The
Seismological Socisty of America, Supplement to the
Pricesding® of the 1930 desting, Washington Us C..
R 1-5.
The Hewfpundland earthgquake of lovember 1929 was felt at Wazhington
D. Cu and Baltimore, Maryland at approximstely 2,000 kilometers from the
earthnuake epicenter, The tsunsmi which accomparnicd this earthgnaks rose
-



ta zporoximately 17 meters sbove the level of normal titdes on the southern
coast of Burin Peninsula, whepe 1t destroyed seversl fiszhermen's villages,
From a study of the bresking of severszl telegruphic cables, the position

of the tsunami center was established znd found fo coincide with the locetion
of the sarthguake spicenter.

124, Felntosh, D. S,

1230 The tcadlan-Newfoundland earthquake, FProcesdines and
Transactions of the Hova Scotian Institute of Science,
Halifex. Pt. 4, 17:213-222,
The Aswloundland earthquakte of lHovember 1929 was appersatly caused
by vertical displacements of the ocean Led ghich buried ssveral telegraphic
sshileg crossing the epicentral area, By consldering that the eplcentrzl
ares iz in & line with the old submerged channel of the St. Lawrence Hiver,
it is Indicated that z setiing of the sediments accumulated seaward from
the Tiver mouth wae probatly the urimsry causs of the sarthquake, The
peismic =hock was [ollowed by a3 teumaml which caused preat destruction
along the toasts of Burin Penipnscla. Finally, it 1= peinted out that
tsunamis are & usual accompsniment of submarine sarthquzkes and that the
dimensions of the waves depend upon the intensity of the selamic shocks.

125, Jchnston, J. H. L,

1830 The Acadlan-Newfoundland earthquake of November 18, 19529,
Proceedings and Transactions of the lova Sectian Institute
of Geience, Halifex, Pt. L, 17:223-237,

Harigrams recorded at 27 ifax during the lewfoundland tsunami of
Saverbay 1729 showed that the waves propagatad towards that port with a
veloo Ly of approximately 165 kilomsters per houwr =1¢d that the perlods of
tha ludaments)l compenents of the sea level ceeillstdiong (inside the bay),
flusrtuated between £ and 150 minutes. Hen-instrumental data regsrding the
times af arrival of the tesunami at different ports along the poastm of
Newfoundland were used to analyze the propagation ¢f the waves within the
spicentral reglon,

126, Jaggar, T. 4.

1931 Hawalian damgge from tidal waves. The Veleano Letter,
Hawaii- Hor 3?-1-

A Tist of thes tsunemls rTecorded st Rawald during the Iasty cantury is
given, Among the lsrgest taunamis ] irted are those of southern Chile
(November 1837), Arica (August Y080U), Fau (April 1BG8), and Iguigque (May
1077). Information emncerning the structurzsl damage czused at Hawziian
ports by such tsunamis is added.

127,

1931 The llewfoundland ssrthoueke of llovember 18, 1929, Nature,
Londom, 127:830.
Summary and comparative study of the remults found by Hemsrs. Gregory,
Hodgson, Doxsee, znd Keith (see Nos, 117,120,2nd 123) in their studies of
the dewfoundland earthgusks and tsunsml of November 1929.
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128, Jones, A. E,

14931 Farthguake and sea wave of October 3, 1931. The Voleano
Letter, Hawaii. HNo, 381,

On 31 Cotober 193] su earthquasks centeringe on the vicinity of Hermell
1sland (southezst of lsw Guines) was atcompanied by a tsunami which caused
great damage in the central and esstern Holomons, being especially severe
at San Christeval Laland, where it destroyed several native villages,

The tsunami pyrepagated toward Taweil whsrs it caused musl) perturkstions
of the sea level which were pereeptible only to the marigrapha, wven
though the phenomsnon lasted for sbout LY hours.

1?9‘ HEI‘.‘LR, {"‘i H. -erd HGdlE, ﬂ4 -R-

1931 The Grand Berks earthqusle of Jovember 13, 1929, [lnited
Gtates Farthquakes 1028, U, 3, Coast uad Ueodstic Survey,
_ Eerial No. T11, Washington, I, T., pp. 20-29,

The Nswfoundland sarthgquake of Nevember 1229 was {el4 in the New
England States and southern Canads. The fact that this shock wes accompanied
by & lsrge teunami and Lreaks of numercus transcceanic sables indlontes
that important vertical displacemente of the sea bed took plsce during the
vhenomenon, The nature end pagnitude of such displacaments are unkugwn,
hewsver, due to the lack of ndeguate dals concerning the Lopegraphy of
the submarine spicentrsl area before the seismis zhock. Some information
regarding the frequency and natira of the rupture of cables lying on
this area is added,

130. Mallszndra, A.

1931 La ras de nares oy tesunawis cdans le Qolfe da Raples, Union
Geodesinue ef Gaophysiie Internationsle, Annales de la
Commissiet pour 1'Etuds dewn Haz de Mares, Paris, 1:L8-52,
{In French) '

Tounamis are due meinly te selsmic disturbances inm the ses bsd and are
rarely csused by volcanic eruptions, Nowever, = study of old records has
shonin that mest of the stuptisns of Teguvins have caused tidal disturbsnces
of aoms magnitude. The perlods of activity observed in Vesuvius sincs
7% AD. ere 1is=ted and the casss where the ermptlons are accompanisd by
tacieimis are indlested,

130, Davisom, 0.

183 The Japanese e¢arthquele of 1923. London, Chapter XJI,

A deseription 48 plven of the namsge eanssd in ports alang the coast
of Sapani Kada by the Fuanto earthguake and tsunami of September 1923,
The maximum helight reached by the teunaml in the vicloity of the cpast was
36 Teet aecording to Frof, Sude and 39 fowt ascording to Prof, lnamara.
The teunami was esuset Ly displacements of the foor of Sagaml Naca. From
sounding survays carried aup in 1517 and ufter the tsunemi (ses Ho. 102),
ik waa found thset the meximua depressicn of the sea bed was 1,312 feat
aud the largest upheaval (55 feet. Lo rpdte of those enormous dislocaticne
the towmaml was comparatively small, which can e sxplsined by considering
that part of the dizplacament shown by the soundings tock pleses gradually
aring the 10-year inforval Letwesn the first soundinmg marvey and Lhe
securrsnce of the bY=unami.



132, Patton, R. 5, and Marmer, H, A,

1232 The waves of the sea, Bulletin of the National Research
Souncil, Physics of the Earth (Oceanography). pp. 222-225,

A brief report of basic knowledge of tsunamis is given. It is in-
dicated that despite its alight compressibility, sea water responds as an
elastic bedy to the short-period oscillations of submarine sarthquakes.
Owing to this property of the sea water, selsmic waves would be partially
transmitted to the water in the form of longitudinal vibrations which
would travel to the sea surface generating small tsunamis. Oceurrence
of larger tsunamis would require dislocations of the sea bed,

133. Davison, C.

1933 TE& recent Japanese earthguske, Wature. Londom. 131:351-
352,

The sepicenter of the gresat Sanriku earthquake occurring off the
northeast coast of Japan on 3 March 1233 lay near the western slope of
the Tuscarora Deep (tranch in the Pacifie Ccean) about 1L0 miles from
the northeast cosst of Japan. The depth of water in this regicn is zbout
L.5 miles. The tsunami which sccompanied this earthquake was responsible
for mesti of the damage caussd on the epicentral area., This tsunaml was
recorded at Honolulu and San Prancisco Bay, the latter about L,800 miles
from the earthguake epicantar,

134, Jaggar, T. A,

1933 Tsunami or earthguake tidal weve of March 2, 1933,
The Volecano Letter, dawaidi, No. 397.

The Sanriku earthguake of Mareh 1233 sentered on the western slope
of the Tuscarora Deep, about 125 miles esst of Matsushima, Japan and
was acoompamied by a tsunami which caused some pinor damage at Hawsiiasn
ports. The sgelsmogrrvphs at Hawsil reglatered the seismie waves aof the
earthquake, thus permitting the lswelizn Volcano Chagrvatory to warn the
parts of the approach of ths taunaml, which arvived several hours later,

135, Imamurs, &.

1533 On the tsunamd of N. E. Japan on Mareh 2, 1933, Proceed-
ings of the Laperial Academy of Japan, Tokyo. 9(L):17L-177.
About 25 to U0 minutes after the Sanriku earthguske of March 1333,
& tsunami swapt the coasts of porthesst Japan, tacsing enormous destruction.
Apparently this teunsmi oriffinsted ln the same way as thst which cccurred
in this area in 1896, anamely, in the Tuscarors Desp which is a notoricus
"oreeding ground® for tsunamis., The exset location of the tzsunami center
cart be probably obtained by stuwdying the vertical compoments of the sub-
marine erustal deformations, This study is now being made by using sound-
ing surveys made soun after the phencmenon. It is flnally pointed out
that every destructive tsunami originsting onm the Pacific side of Japan
has @lmost without exception follcwed = short time after a large inland
earthquake or veleanic eruption.
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136, Ishimoto, M.

1233 Preliminary notess on the tsunami of March 2, 1933 (G.dT.)
and an outline of the investigations now belng made ceoncern-
ing it at the Esrthguaks Hessarch Institute. National
Hesearch Douncil of Japsn, Japanese Journal of fAstronomy
and Geophysics. _1E1}t1-1u.

Immediately after the Samriku tsunami of March 1933, the Esrthquake
Resgarch Institute sent geveral investdiators to the scene of the disaster
to collect dats regarding tsunami phenamsns, ‘The subjects under study
are enumerated asd detsile of progress so far attaioed are given.

Noter The reports contaiming the final results of these s tudies were
pub] ished later in @ ﬂpacial supplement of the Bulletin of the Eartnguake
Hesearch Institute and are sumiarized under Wo. 142 to Ho, 153, inclusive,
of this bibliography.

137, Hstuzawa, T., Kambara, h., ahd To Finakam

1933 Horiwontal mevewent ¢f water 1n the tsunami of March 3, 1%33.
dations] Hesparch Louncdil of Japan, Japanese Journal of
Astronomy snd Seophyslea, I0{1):11-16,

The main élements of Launmnis to be considered in e study of tsunaml
destructiveness sr'e height of the waves sud wlecity of the flow. It 1s
shown that in some special cases the relaticn between harbor topoersaphy
and taumaml hedghts can be expressed nmatiiematically. In regard to Dow
velocity, am average value of ! meters per second was Cetermined by using
non-instrumental dots recerdsc molnly during the Saarill teunsmi of 1933,

138. Imemura, h. =ad Fawase, Z.

1933 The Sanviky tsunssd of 1923, Naticnal Resesrch Council of
Japan, Japanese Journdl of Astrenomy and Gecphiysics.
11(1):17-38

Statistics on caguatbiss wnd structuwrs] damege caused by the Sanriku
sarthguske and Lsunam of March 1533 en 7F villages along the northeast
coast of Vapan are piven and desgriptions of some phenomens (luminesities,
sounds, ete.) sccompanying the disaster are added, Oy studying dats
recerded during the Sanriku tsunamis of 1896 and 1733, it is concluded
that the coastal configuration ia chiefly responsilile for the great damage
caused in this area by teunamis. In faet, the northeast coast of Japan
presents numerous V- and U=-shaped baye obening towards the Tuacarors leep,
on the slope of which paganmtic sarthguekes have {regquently talen place,
Finslly, some dugiesticns copesraine wltleaticn of teunami disasters
are ingluded,

13%. EKishinouyve, F,
1833 Some nates on the Sanrikr tmunami of 1933, Ddain
(Barthguake). B:i7&0-763. (In Japanese)
The remarkable heights resched by the water et MHsawa (Tachinohe )
and Erimo Sl {(Hoklkaide) durding the Sanrdku tsunasdl of March 1933 are

.
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explzined 4o be du= %o the convergence of the waves, The enormous
quantities of sand throwm upon shore by the tsunaml showed the great
turtmlence of the waves on the sea bed nsar the soast.

1ho,

1933 Notes on the prevention of dmmage from tsunamis, Especial
publication of the Imparis]l Earthquake Investigation
Council, Tokye. pp. 1-10.

The efficiency of structures for harbor protection in resisting
tsunamis was studied by using date recorded at seversl places along the
northeast coast of Japan during the Sanriku tsunamis of 1896 and 1933,
After a careful =tudy of the influence of coastal configuration and sea
bottom topograpny upon the destructive power of teunamis, the sfficiency

of meversg]l types of breakwaters was snalyseds & list of protective
measures for mitigating the damage and destruction caused by large
teunamis i= added. Most of the safety precautions were prepared for use
in ports end villages glong the ccast of the Sanriky district and would
requive medification to be applied %o other places.

11, Bebillier, C.

1933 Historis de los marsmotos avaacidos en Chile desde el
ano 1562 el ano 1932, Boletin del Servicio Sismologice
de lu bniversidad de Chile; Santiago., 23%3L-Ul.

(In Spanizh)

L desoription of 12 destructive tsunamis recordsd aleng the coasts
of Chile during tite perlod 1562-1932 1a given, including mainly non-
instrumental data regarding casuslties; Atructural damage, and height
reached by the watsr on the cosst. These tsunmmls wers preceded by strong
parthquakes, Tidal disturbances that apparently were not related to
seismic shocks have been frequertly recarded on the southern cosst of
Ohile. These disturbsnces would b2 caused by oceanie shtarms aawring
off the coast of the Magallan Strait. Oceanic currents would he res-
ponsivle for the propagation of these disturbamres along the Chilean
coanta.

iz, Ishimots, M. and Hagiwara, T,

1930 The tsunamt chnsldersd ue 5 phénmmencon of #ea watsr
svarilowing the land, Bulletin of the Earthyuake Research
Inatitute, Tokyo Iarsrial University, Supplemsntary.
1£17-24,

A& very complebs deascr 1,.?,_1_-:*11 8f she strurturs] damags prn‘mkud_ &%
Kamsizhi Wan (northesst J=man) by the Hanriku tounams of March 1933 ie
given. Disgrams showing the damage distribution snd height reachod by
the watar a% the bay ere adoed, Finally, @y altempt 18 mads to determine
the infiuence of the coszetal topography upon the velocity of propagation
of tsunsnl wavEa.



143, Terada, T.

1934 Luminous phenomens accompanying destructive sea waves,
Bulletin of the Earthguske Resesrch Institute,,Tokyo
Imperial University, Supplementary. 1:25-3L. A summary
of this report was published previcusly in the Proceedings
of the Imperial Academy of Japan, %:367-369., MNovember 15%33.
During the Sanriku tesunami of 1%33 some luminous phenomens were ob-
served, among them a strong flash of light which seemed to have been
emitted from the sea surface near the mouth of Kamaishi Wan. After
snalyzing the probable cause of this phenomenon, it is concluded that it
was caused by luminous plankton (mainly Noctiluca miliaris) which were
excited tc @ coniinuous and simultznecus luminesity either by the turbu-
lence engendered by the tsunami or by some electrical phenomenon caused
by the waves. Oince the luminosity produced by these organisma is vary
small, a clearly percepiible light would require the presence of = great
number of them over 2z large area, suggesting that tne teunaml disturbed
an area of several square kilometers to a2 considerable depth,

1hh, Yamaguti, S.

1934 Abnormally high waves or tsunamis on the coast of Sanriku,
on March 3, 1933, Bulletin of the Barthquake Research
Instigute, Tokyo Imperial Undversity, Supplementary.
1136-52,

A study ef the topopgraphical features ed medes of oscillation of LS
bays along the ceast of the Sanriky districts and of the heights reached
in them by previous tsunamis shows that:

(a) Most of the bays studied presented nearly egual periods of
pacill ation,

{b) The higher waves (over 10 meters) generally oceurred in
decper bays znd comparatively low waves (heights less than 5 meters) were
frequent in shallow bays,

(¢) The neight of the waves i= inversely proporticnal to the
pericd of the bays,

(d} The great damage caused by Lsunamis on these coasts seemed
to be due; in part, tc the greater depth of the ses along the shore, and

{e) In general, higher waves were observed in V-shaped bays.

1L5. Matuo, H.

193l Estimation of energy of tsunami and protection of ccasts.
Bulletin of the Earthguake Research Institute, Tokyo
Imperial University, Supplementary., I1:55-6l,

An attempt to compute the forces which act upon structurss during
tasunamis is made by using instrumental dats recorded during the Sanriku
tsunami of March 1933. The change of height of the waves in bays opening
obliquely to the direction of propagation of the tsunami was computed and
the effect of the slope of the sé&z bottom upon tsunaml heights was
studied. The structural characteristics of severzl gea walls in the
affected area and the damnage caused to them by the tsunami were carefully
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studied in order to compute the pressurep exerted by the waves on these
structures. Finslly, general descriptions of practical metheds of coast
protection are emumerated and their efficiency egainst tsunamis are dis-
oussed.

1Lhé., Matuo, H,

1934 Experimental investigacion on prevention of dmmage of tounemis,
Bulletin of the Earthquake Research Institute, Tokyo Imperial
University, Supplementary, 1:65-75.

A model experiment was carried oul ta develop 2 method for predicting
damage caused by tsunamis, Using a long selitary wave, to simulate the
taunami, the following tests were made:

(a) Propagation of the wave in 2 smooth-sloped channel. It was
established that: 1] the wave heights are inversely proportiensl to the
water depth 2) the steeper the slope, the less liable is the wave to
break,

(b)) Effect of the wave =zainst breskwaters. The efficiency of
breakwaters (lying parallel to the cosst) against tsunamis is inversely
proporticnal te their distance from the cosst, and

(e) Effect of the wheeling of the wave., The change occurring
in tsunamis coming into bays cpening obliguely to their direction of pro-
pagation was tested and the results compared with values computed by
applying the formula of Prof. Hired.

7. Musye, K,

193 On the luminous phenomena that agcompanied the grest Sanriku
tsunami of 1933, Bulletin of the Earthquake Institute,
Tokye Imperial University, Supplementary. 1:87-110.

In order to learn about the nature and cauvse of luminous phencmens
which usually sccompany Japanese tsunamis, numercus descriptions of eye-
witoesses regarding the luminescence s=en on the sea surface during the
Sarrika teunamt of 1943 were ccllegted. An analvsis of these data showed
that these phenomens were produced by luminessank plankten organisma,
mainly Noetilucas; and some luminescent jellyfish such as Pelagia and
Ctenophora. In order to ascribe such sirong luminescence to phosphorescent
plankton, it was necessary to admit that a large mumber of such micrcorganisms
were present in the ccastal water of the affected snores at the time of
the taunami, which is unvaes]l during the month of March.

1L8. Miyabe, N,

1934 An investigation of the Sanriku fhsunami based on marigram
data., Bulletin of the Rarthquake Research Institute,
Tokyo Imperis]l University, Supplemsntary. 1:112-12%,
Based on marigrams recorded in Japan, Honalulu, and the west caast

of the Americas; the source and time of commemcement of the Sanriku

tounami ef March 1733 were determined. By considering first anly the

marigrams recorded at Japanese stations and assumdng the fsunami propagated

with the velocity V =\gH, the geographical position of the tsunami center

=
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was determined. It is shown from the sbove results that the { sunami
counld not be propagsted from a peint source unless it hed started some
time before the occurrence of the e arthauake. The travel times to
stations located in the Americas were also calculsted by sssuming that
the average depth of the Pacific Ocean is L,000 meters.

149 Otuka, Y.

193l Tsunami damages on March 3, 1933 and the topography of
Sanriku coast, Japan., Bulletin of the Earthquake Research
Institute, Tokyo Imperial University, Supplementary.
1:127-151, {In Japanese with English summary)
Based on data recorded during the Samriku tesunami of 1933, the =ffect

of cesslal topeography upon destructive power of tsunamis was discussed,

it being concluded that tsunamis reach maximum heights on sheres facing

the open sea. From a geological study of the aresz affected by this

teunami, it is comecluded that the coast of Canriki: was submerged a few

bundred meters during post-Pleistocene time, The pradual uphesval gave

this region special topographical festures which are partislly responsi-

ble for the great destruction caused by tsunamis on these shores. In fact,

these coasts are notorigusly flat and great oceanic depths are found very

near the shore. These fectors explain why tsunamis can flood this area

to s considerable height. In addition, the existence of numerous U- and

V-shaped bays increases the vulnerability of the area,.

150, Takahasi, H.

193L A model experiment on the mechanism of seismic sea wave
generation, Bulletin of Lhe Esrthquake Research Institute,
Tokyo Imperial University, Supplementary. 1:152-178.

By assuming that tsunamis are produced by dislocations of the sea
bottom, the mechenism of their generation was studied through a model
experiment. A wooden tank was used, having a circulsr mobile piston fitted
in its cenmter to simulate the upheaval (or downfall) of the sea bed. By
using differsent waters depths and piston veloclties, a total of L5 tests
was carried out, It wes found that:

(a) The welocity of prepagation of the gensrated waves in the
immediate neighborhoed of the center of disturbance ia larger than that
given by the formula ¥ =~ VgH, but approaches ssymptotically to V with
increasing distance from the center,

(b) The height of the progreszive circular wave apparently
decreases as d~0+& (d being the distance from the center of disturbance
to the point whers the heipht is measured), within the region observed, and

(c) The elevation of the water surface depends mainly on the
dropping velocity of the ses bottom dislocation,

151, WNasu, W.
1934 Heights of tsunamis and damage te structures, Bulletin
of the Barthquske Research Institute, Tokyo Imperial
Univergity, oupplementary. 1:218-226.
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In order to determine the gsopraphicsl features of the areas inundated
by the Sanriku tsunami of 1933, triangulstion and leveling surveys were
carried out on 1l vays along the coast of the Sanriku district. The topo-
graphical maps obtained and a separate description of the structural damage
caused by the tsunami in each of these locslities are added. The relation
between the heights resched by the water during the tsunami and the
peographnical features of the affected ares is discussed and the minimum
height of water able to produce structural damage is studied.

152, Suyehiro, Y.

1934 Some chservations on the wnusual behavior of fishes prior %o
an earthquaske. Bulletin of the Earthquake Hesearch Institute,
Tokyo Imperial University, Supplementary. 1:220-231.
Several investigators have proved the existence of an instinetiwve
reaction of fishes to earthquakes, This curious fact also was observed
during the Sanriku tsunami of 1933, Sardines caught a few hours befere the
pecurrence of the tsunami showed that their stomachs woere swelled by thelr
contents to an sbnormal degree, TIn addition, the fact that these fishes
had fed mainly on bottom-adherent diatoms indicated that such diatoms had
appeared in large guantities in the upper layer of the sea, possibly due
to disturbances taking place in the =ea bottom prier to the tsunawmi, This
hypothesis is corroberated by the fact that several deep sea fiches were
caught near the sea surface hours before the tsunami,

153, Nishimura, G. and Tskayame, 1.

1934 Experimental study of the propagstion of tsunami waves.
BulTletin of the Earthgusake Hesearch Institute, Tokyo
Imperial University, Supplementary. 1:232-271.

Based on data recorded during the Samriku tsunami of 1933, a model
experiment was carried out to determine the effects of eoast topography
and gonfiguration of the sea bottom on the propagation of tsunamis. The
experiment was carried out in a wooden tank in which several types ¢f bays
were simulated, The propagation of a long solitary wave (representing
the tsunmami) in the following {ypes of bays were studied:

(2} Bay of rectangular c¢ross section and uniform depth,

(b) Triangular bay of uniform depth, and

(¢) Bay of rectangular cross section, whose depth decreases
undformly. .
Based on these tests new formulas for computing the wave velccity (inside
bays), rate of incresse of wave heiphts, and maximum veloeity of surface
water particles were developad.

154, MNakamura, S. T,

193k The geophysical cobservations of the tsunami of March 3,
1933, 2Ziho Saito Ho-on Kai (Ziho Saite Gratitude
Foundation), Reprint Series. lo. 88, pp. 1-12,
By analyzing seismological , maghetic, and electrical data recorded
at Mukaiyama Cbservatory (Sendai, Japan) during the Sanriku earthquake
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and tounami of Merch 1933, the following conclusicns wers rescheq®

(&) The magnetic dip st Sendal (a2nd in gemsrzl =11 over the
sastarn pert of derth Japan) had dneressed gradually since August 1732,
until it had resclied 8 paXximum sheud twe meonths before:the oeolrrspse
gl the tsunamd,

{b) ifter the t'munami, the seculur olionge of magnetic 2ip ve-
novered its general temdeney of graduslly decreasing,

o4 similsr change of the magaetis 4ip (but ef the opposite
sign) was observed befcre the Ssnriku gsunami of 1095 Ly the Hydrographicsl
Department of the Jzpancas Nsvy, and

(d) The cistyrbance of the earth's potentisl vizs not very
noticeable, but slnce the znd of Febyuery 1233 irregular changes were being
obrerved.,

155. Matuzawa, T,

193 Demparison of movemant of water in a V-shiaped bay with thet
in o U=shzped bay, #atlonsl Rescarch Sguneil of Japan,
Jepenese Jeurpal of Astroneny and Ucophrsics, Tokye.
TATEY 7T,

Experiance sined from previous tswuwsds les shown that they cruse
more destruction in V-shsped bays opening cdirectly luwerds the cccen than
in bays of other Yypes. T confirm this theory the destruction caured by
the Sanriky tswmaml of darch 1933 at Aneyosni is describeds. In the
inder end of this sy the tsunami resched a hejght of 21 meters, whnile =t
the mouth of ths Lay it reached only 12 meters. Hy ftreating the V-ghaped
bay &r an squilsaters) trapezoidal bay wnoes depth decreases undfornly
and using the data recorded ot Aneyoshi, & methemstles] vomputation wes
developed in order to esteblishe

(a) The ratio of teunami height st sy point of the Lay e that
at bh2 inmer end of ‘tne bay, sl

(b, The walecity of the horiszentsd [ow at auy point of the bay.
The results obtained frod thisl computaticns Wore compared wWilh w=ta re-
gorded st U-ghnped Says, It belng soncluded thet lor the same concliidicas of
water noverment at Lhe wouth of (he bay, the mevensnt ol the wabter aevelops
fcre vialently in ¢ V-shaped Lsy than in 2 u-ghaped one.

156, lmamurs, A,

1934 Pest taunamis of the Sanrilu coash, Netlonal Tiznesygh
Couneil of Japan, Japaness Journsl of latronomy =snc
Geophysive. 11(2):79-93,

The lergest tsunanis cobserved in the Sanriku district (noriheast
Japan) during the puriod 009-1933 were studied cormperatively, it being
concl uided that they cceurred almest contemporancously with seismic
sotivities In the Fwsnts district., This Fact 12 eeplsined by tabing
into consideration that fthe Fwante earthauskes and the Zanriku tsvnamds
gre paused by erustal defdrmotions occurring along the clreum=C3oific
selimmic wone, It is also peintad out thet during ihe EBanrikn t8va 13
of 1RO, 1666 and 19733, gmall unduletions of the ssa level wepe chuerved
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a few hours prior to the arrival of the tsunami itself, This fact would
suggest that crustal deformations of secondary magnitude took place some
hours before the main dislecsation of the =ea bed.

157. Matuyama, M,

1935 Measurements of gravity over the Japan Trench, Chikyu
(The Globe)., 23:1-12, (In Japanese)

By considering that the submarine earthguakes which had caused
severe tsunamis on the Pacific coasst of northeast Japan had their
epicenters in the Japan Trench, careful gravity measurements were made in
this avea as & [{irst step for a study of Itls peclogical and peophysieal
features, The prellminsry work showed that:

(a) There iz a popitive veriical deflection wone slong the shore,

(b) A sone of negative anomalies (negative verticsl defleections)
was found slong the western slope of the trench, and

{e) Mest of the tsunamis studied were produced by earthguakes
centering on the 2cne of negative anomalles.

158, Suzuki, T,

1935 Seiche in the Tokyo Bay caused by the land urheaval cn the
secesion of the great sarthquake of September 1, 1923,
Bulletin of the FMarthqueke Hesearch Institute, Tokyo
Inperial Unlversity, 13:200-279.

Marigrams recorded during the Ewanto teunsmi of Septesber 159273 at
Yokesuka and Chiba (stations which are situsted st opposite sides of Lhe
Tokyo Kaiwan) showed that the waves, which were produced apparently by
vertical displacements of the bed of Sagaml Nada, were relatively small
in Tokyo Kaiwan, By considering that both bays are Jjoined by the short
angd narrow Uraga Suido; it wes necessary to assume that, due to their
different depths (Sagami being deeper), only a small part of the tsunami
was able to cress the chennel. The marieraphic analysiz also showed that
in addition to the permanent upheavals of the sea bed shown by the sound-
ing surveys (see No, 102), temporary upheavals took place during the
garthgquake preceding the tsunami.

159, Nakano, N. and Nakagawa, J.

1935 On the path of propsgation of sea waves originated by
earthguskes, The Geophysival Magamine, Tokyo, 9:215-221,

By assuming the location of the tsunaml center ls known, a pgeneral
discussion of the methods for tracing the path of propagation of tsunamis
is made. By considering the velocity of tsunami propagation to be
V = NgH and accepting Terada's theory that the time taken by the wave in
propagating between 2 points is a minimum, the esuation of the Lsunami
path was established, This equation was applied to studying the propagzs-
tion of the Sanrilu tsunaml of March 1%33. In this study the marigrams
recorded at Tsukihama during the tsunsmi were used and the coincidence of
the guake epicenter nnd tsunaml ¢ enter was assumed.
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160,  Houmann, F.

19705 Tidal ohscrvations,. Unlted States Mertihnuskes 1933, U.5.
Cozgt ond Geodetle burvey, Serlal oo, 519, washingten, T. €.,
P ?Ln

Aecording Lo mariprans rogistered at donolulu and Sents Menlea,
California,; the great Sanritu taupami of Msrch 1933 propegated toward these
ports with average speeds of LOO and U5 miles per hour, respectively. In
Hawaiian ports the waves reached mestimum heights of 9,5 feet while in
Zalifornla they were perceptible only to the mariprapha,

181, Fukutomi, T,

1936 Heights of lLaunamis st Simoda in southern Idu peninasula,
Bulletin of the Narthguake Research Inatitute, Tokyo
Imperial University, 1L:C8-Th. (In Japanese)

In the last € centuriss the port of Fhimeds (southern Idu peninsula)
had been devastated by 7 teunamis of seismic crigin and 2 Lsunamis due to
meteorclogical « muses (typloons). The mean and meximum heighte reasched
by the water at Shimeda during these tsunamis sre tabuloted in this paper,
It is indicated that the epicenters of the earthquskes which ¢aused the
seismic founamis sre distributed over s great srea in the outer zone of
the Japan arc.

‘,‘_62 ¥ HECk, t‘q H-n

1536 Earthguskes, FPrinceton University fress, Chapters IT and
I,

& study of btsunamis, based mincipally on the Japanese reportis of
the Eanrilu teunamdl of Hsreh 1923, showed thai they sre caused oy vertical
displzcements of the sea bottom and that such displacaments sre produced
only by earthquakes of siboceanie foci., It ds also pointed out that
strong undervmes earth:uakes, even without producing wverticsl displagements
of the pes bed; can set up important vibrations of the water and con-
sequently small digturbances ol the sea surface, In regard to the cesstal
slope, it is indicated that destrucilon caused by taunamis would be
important only on flat shores, but would be negllgible on stesp shores,
Finelly, a briel description of the lirgest tsunamls recorded is added,

1463, Davison, C.
1936 Oreat csrthguades, Thomes Murby & Company, Londen.

b very vomplete deseription of some of the greatest earthquakes
of the lasi two centuries is given. Of these earthouakss, the following
‘ones were sccompanied by tsunamis: Lisboen (1755 and 1761), Calabria
{1763, 189k, and 1905), Valpsralso (1822 and 1900), Concepoion (1835),
Sanrilu (1896 =nd 1933), Yakutet Bay (1899), Hessina-lslsbria (1508),
and Tango {1927). The deseription of these tsunemls includes data regard-
ing hweights reached by the water st several ports located in the sffected
area, damage caugped to these ports, welocity of propagation of the waves,
and distence traveled by them,
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16l. Imamora, 4,

1937 Thenretical end spplied seismology. Hanzen fo. Tokyo.
Ghapter V1.

Tsunamis have their origin in vertiecsl displacements of the =zea bed
occurring during undersesa sarthquakes, or in submarine voleanie eruptions.
Tha outstanding features of their waves are griat length and relatively
amell ampiitude, Due to theze vheraseteristies the eneveyr of tsunsml waves
does ol decrease zs ranldly ss dn prdiosry wind waves, The wave ampldtude
increases: gradually wWHen the tsaiaml spproeaches the eosst, reaching
enormmis heights in some specizd bays, meinly v-ghaped beys, Bagad on
data recerded curing the tsunamis of Sanriku (189€) and Osaka (1531), a
study of the means of mitigating the destruction cawsed by tsunamis is
garriad out and the efficisacy of Lhe usual structure of harbor protection
arainst teanamis is analyeed,

1oh, Tluka, ¥,

19349 On the garthguake that cccurred in November 1930 on the
Vagific coast of northeast Japah, Sulletin of the Larth-
gquake Reaszroh Institute, Tokyo Imperdial University,
17:168-178, [In Japanese)

On 5 Nevember 1938, 2 =mall earthquake centering off the northeast
coast of Japan was accoapanied by & relstively destructive fsunaml, The
marigrams tecorded adb Japsnese Lidsl stations showed two groups of
regular waves, [ollowed by a somewhat irregular motion lasting for several
hours. The pmost noteworthy fect cbhscrved was that some of the aftershocls
weres sccompanied by tsunamis of secondsry magnitude; supgecsbing that small
landslicdes in the sea bed tock plece simultancously with such aftecrshecks.

16, Gutenberg, B.

1939 Tounami® zud sartiuakes, Bulletin of the Seiemslcgical
Society of fisrica, 20:516-520,

The hypethesis that the lerg: st itsunamis obeerved have been produced
by submarine landslides is advanced., Seismic disturbances would nct as
a trigger for selting the slides in metdien. 'This hypothesis is corroborat-
ed by quoting the works of lMilne, Montessus de Balleore, zna others and
referring to data obtaiazed during major tsunamis. It iz zlso indlcated
that Gectonic movensnts of the sea bobtom would produce only relatively
small tsunamis, A final verification 1s obtained by a detelled sbudy of
the Ataeama tsunami of 1722, & map of the affected area, including
igoseismal lincs and showing the locations of the guake epicenter snd
tsunaml center, is added o prove Lthat the sarthguske which sccompanied
the tsunami was entirely centered on the land. Based on the zsrembled
data, it is chown that the Atecama tsunami was undoubtedly producsd by
slides of the sea bed,
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167, lesoura, A. end Moriya, M.

193y darigrashic observations eof tsunawis in Japan during the
perdod from 1894 te 192), National Hesearch Council of
Japan, Japanese Journal of Astronomy and Geophysics,
Tokye. 17(1):119-1L0,
5 study of tsunamis of seisde and neteoroleogical oripgin recorded
st Japansse tidal stations during the peried 18%L-192l was made,

(n) Tsunamis of Seismic Crigin - The sarthqualkes preceding these
teunemis sre described snd the merigraphic data reccrded during the
phenomena nre discussed, From this study it was concluded thaty (1)
Tsunamis assoclated with non-regional esrthquakes have gnsller periods
and relatively shorter duration compered with those ssscsiated with ounkes
centering nesr the cbserving station, and 2) the influsnce of the coastal
topography seems to be stronger in the vase of tsunamis assceiated with
nen-regional earthguakes; end

(b) Tsunamis of fleteorolegical Crigin - These are due mainly
to eyclonic storms snd present diffcrent charscteristics from those of
seipmic orlgin. However, the periods of the oscillations they produced
1o bays resenble those of the undulations generated by tsunamis
accompanying non-regional earthguakes,

166. FKishinouye, V., end Iida K.

1932 The teunami that accempanisd the Ogs earthguake of May 1,
1939 Bulletin of the Earthqueke rnogearch Institute,
Tekye Luperisl Upnlversiby. 27:733-74L0,
By applying the ysbe method .{Ei'._'t e o 114L} 0 mardgiand Yeooiaed
nh Jasanese stations Jurlng the Cps tawiami (Jepsn Sea) of 1 Hay 1939,
the: geographlesl sosition of the Lsunani centel was celepmined. It was
Tound that the Lsunmandl zource wed tolb & polot bubt a ralher large ares,

1‘59! Flat-ilﬂ.l.a, 'Gln

1940 I Maremoti nel Golfe D dapell. Annali del Lavord
Pubblici., Roma. 78:56L<588, (In Italian)

Turing impertant tsunacds, the following types of waves had beszn
cheerved:

(a) Compressional Lor condengatlionsl or longitudinsl) waves
are produced either by subcentinentsl or suboceanic certhguakes and pre
percepltiible only in the lmnediste neighborheod of the earthguske epicenter,

(b) Gravitational (or distorticnal or transversal) waves
agcompany fubocesnic earthquakes exclusively end propagate to grest
distonce over the cceans, and

(¢; Blationary waves are either of seiasmic or meteorologicsl
origin.

Aeeording te Mallendra (see Mo, 130) the eruptions of Vesuvius are
usually sccompanied by tidal disturbances, However, a study of such
disturbances has shown that not all of them can be conridered real
teunanis, 1L is beliiwved that the tsunamis were caused by carth shocks
acoomparying the eruptions and not by the cruphbions thomselves.
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170, HNeumann, F,

19L0 United Stetes sarthguakes 1938, U, 8, Coast end Geodetic
Survey, Serial No, 629, Washington, D, C. 5, 33.
During 1938 the following tsunamis were registered:
{a) Tsunami originating in the Sclomen Islands and recorded at
Honoluluj
{b) Tsunami centering on the Queen Charlotte Islands, recorded
at Santa lMonlca, California;
{¢) Tsunami assceciated with an earthguake centering on 1°H,
1199E., recorded at Santa Monica, California; and
(d) Tsunami asscciated with = submarine earthquake centering
off the southern coast of the Alaskan Peninsula,
Scme information econcerning the tsunamis is given and copies of the
marigrams recorded at Honolulu, Alaska, and the Weat Coast of the U,5.4,
during the Alaskan tsunami are annexed,

171, Miysbe, N.

1941 Tagunami asscciated with the sarthquake of August 1940
Bulletin of the Earthguake Research Institute, Tokyo
Imperial University, 19:104-11L. (In Japaness with
English summary)

A brief description of the Hokkaido tsunami (Japan Sza) of 2
Aurust 1940 is given and the geogrsphical pesition of the tsunsmi center
is determined by using the Miyabe method (see Nos, 140 and 168)., 1t was
found that the tsunami center was a rather large ares and that the
earthguske epicenter lay within sueh area,., MHarigrams recorded at various
places along the cosst of Hokkaido were anelysed and the effect of slope
and shape of the bays Upon fsunami prepegation wWos studied.

172. Bedle, R. K.

194l Tidal disturbances of seismiec origin, United Stales
Earthquskes 19L2, U, &, Coast and Geodatic Survey,
Serizl No. 662, Washington; D. C. p. 17.
On 27 fugust 1942 an earthguake centering near Pisco (Peru)

was accompanied by a tsunami which propageted zleng the Peruvian coast

being recorded at Matarsni (230 miles southesst of the quake epicent&rs

and Callag (220 miles northwest of the quake epicenter). This tsunami

probably resulted from cne or more submarine slides caused by the

earthguake and sccording to the data recorded at Matarani and Callao

its center did not coincide with the earthguake epicenter, Due to

difficulties in determining the center and paths of propagation of the

taunami, the wvelocities of propagetion of the waves could not be computed

accurately.

1;3- Bﬁdled Hs R,
1945 Tidal disturbances of seismic origin, United States
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Esrthguakes of 1943, U. ¥, Coasst aad Ueodetic Survey, Serial
He, 672, Washingten, IL. C.

On & April 1943 a strong earthguake centering on Worte Chico (Chile)
was ascompanied by a tsunami which was observed st seversl ports on the
epicentral area and was recorded by the marigraph zi Valparaise, located
about 100 miles southwest of the epicenter. Copy of marigram is snnexed.

174,

1945 Earthquske in the Arabian Sea. Nature, London, 1856:712-
3.

The strong submarine eerthguske of 27 Nevembsr 1945 in the prabian
Sea was accompanied by a destructive tsunamd which was especlally severe
en the coast of Makran (northwest of Karachi) and caused damage in Bombay
1,500 kilometers from the quake epicenter. The occurrence of important
sea bed dislocations during the earthguske was confirmed Ly the appearance
of two new islands in the Arabian Sea,

175

1945 Earthquake in the Arabian Sez. Earthguske Notes, Esstern
Section of the Seismological Seclety of America.
17(1 & 2):10,
The Arabian Sea earthquake of November 1345 centering sbout 180 miles
from Karachi was accompanied by a tremendoss tsunami which swept the coast
of Makran reaching as far as Bombay, where it caused heavy loss of life

and property.
176. Rothe, J.

1946 Le seisme de 27 novembre 1945 et 1'hypothese de Suess
sur la caunse du deluge. Comptes Rendus de 1'Academie
des Sciences Paris. 222:301-302. (In French)

In 1897, E. Suess (see No, 52) advanced the idea that the legend
of the "Delugze" was based on the ocourrence of a violent tsunami which
had imundsted the low Euphrates wvalley 4in pre-hiblical fimes, This
taunami would have accompanied a destructive carthquake centering
somewhere south of the Persian Gulf, The theory of Suess had been
severely critirized by taking into consideration the low seismicity of
the Persian Gulf area., The Arabian Sea earthquake (epicenter on the
Arabian Sea at the enirsnce of the Persian Gulf) and tsunami of Noverber
1245 have, in some wey, justified the theory of Suess by showing that
even though seismic frequency is very low in this area, the sarthguake
intensity can be high. In fact, the vioclence of the Arabian Sea
earthquake, as computed by the Gutenberg-Richter method, was compacab]e
to that of the ban Francisco earthqueke of 1906, On the other hand,
the destructive tsunami which accompanied this earthguake would be a
further proof of the Suess theory,



177. Fowers, H. A,

1940 The tidel wave of April 1, 19L&, The Voloano Letter,
Hawaii, MNo. L91,

The Aleutian tsunami of  Aprdl 1946 had disastrous effects on the
Hawslian Islands, which is unusuel, Although these islands are fruoquent-
1y wisited by tsuamis, the damage caused is usus]lly small. To emphasize
the point, & table listing 12 tsunamis recorded at Hawall is included.

Of these tsunamis only three caused damage which in no case was comparable
to that suffered during the 19L& tsunami, In arder to reduce the
destruction caused by tsunamis, the establishment of a system for warning
the populstion of the approsch of dengerous tsunamis is suggested (see

No, 100),., This warning system would include & network of seismographs

to permlt the gquick lecation of the epicenters of submarine sarthguakes
and a group of stations conveniently located in the Pecific to ouserve

the propagation of the waves.

178.

1946 Seismic sea wave of April 2, 19L6. MNature, London,
157:47h.

The Mleutian tsunami of &pril 19L& originating near thé island of
Unimak (Aleutian archipelago) traveled through the Pacific Ocean causing
great, damage at the port of Hile, located approximately 2,040 miles from
Unimak., The tsunami was less strong along the Celifornia coast, but was
elearly perceptible even along the coast of <hile.

179, Thernton, D. L.
196 Seismic sea waves. Engineering, London, 161:L8L-LES,

The Aleutian tsunami of 4pril 1946 is deseribed and its propagation
along the Pacific coast of the Americas is studied, 1t is indicated
that tsunamis sre apperently produced by vertical displacemsnts of
the sea bed, but that Marther geophysical studies would be necessary
before establishing a definite relation between tsunamis and changes
of level of the sea bottom.

For computing the mean velocity of prepagation of tsunamis, the
use of the Lagrange (desp water) and Green (shallow water) formulas is
suggested. By applying these formulas the velocities of propagation
of the Aleutian tsunami were computed and subsequently compared with
those calculated from marigraphic data recorded during the Krakatoa
tsunami of 1883. The characteristics of the ststionary osecillations
produced in bays by the tsunami waves are also discussed, including
a study of the various modes of oscillation observed at San Fraticisco
Bﬂyl

180. MoKay, E. C,

19L6 Seismic ses wave of April 1, 1946, Transactions of the
American Geophysical Union, Washington, D. €. 27(3):L53,

L



A table is given listing marigraphic data obtained st several tidal
stations on Hawaii and the western cosst of the Western Hemisphere during
the Aleutian tsunami of April 1946, Computetionsz of the welocities of
propagation of the tsunapdl boward these z%aticns and of the characteristics
of tw moin oscilialtions into such bgys are Lucludsd,

J.Ej-l

190L6 Saismic sea wave velocities The Volcane Letter, Hawaii.
H’Q LS‘I—I
A table liﬁt.:m;:_, the velocitiea of propageiion of the tsunamis of
Arics (1868) and Sleutian Islands (1946) az computed by Nilne =nd HeKay,
respec lively,

162, B8eer, &. =nd Stagg, 4, M.

1644 Seisnio sea weys of Novenber 27, 15LE. Hature, London,
16867,

On 26 lovember 10LT 3z small tsunendl was recorded ab Port Victoria.
It is belleved thet this tsunami was assccisted with the major earth-
quake which ocourred asme hours ezrlier in the Arabian Ses (see Nos, 17k

and 176), By usimg parigraphic data recorded during the phenomenon end
assuming the coincidence of the esarthquske epicenter with the tsunami
center, twhe veloelly of propagation of the btsunawl, aversge &epth of the
cocean traversed, and mesn wave length were a.muputtei. The walucs thus
eamputed were substantislly =msiler than thoss dueduced from oVher reccrded
casen of seismlc waves. Thim dlscrepancy is explained by considering
that the First maves were nol recordsd at Pori (ictoria and that the tide
gage in this bay regisiad enly the arrival of the eighth wave,

163. Bodle, R. R,

1946 Mete ap the ezrthguake and sedsmic ses wave of fpril 1,
1946, Traneactions of the fmerican Ueophysical Undon,
Washimgton, D, Cu. 27(L) ehéh=-Lan,

By using seismogrophic deta recordsd in U.O.8,, Alaska, and Hawaiil,
the position of the epicenver and depth of *ha Tocus of the Aleutian
garthonake of Aprid lir‘hﬁ werse determined. Marly "aph.c shudies of the
taunami esscciated ulth *hiz sarthgquake tended Lo confirm the exactness
af the epicentral posltispn chtained Syom Lhe selismograms.

Iﬂhr L‘I‘P‘EE&, G- K.

1946 Selzmic =ea wave of April 1, 1906, 28 recorded on tide
BEFET . '{rmrn:+innﬂ of the amerisan Geephysicel Unloen,
Washingten, v C.y 270(h) :L90-R00D,

The Aleutian cartngueke of April 1646, censtersd seme B0 mliss south-
sast of Unimek Island on tha =tesp slups: of the Aleutian Trench, wss
accompanied by 2 tmunswd which wes peglatercd on the west coast of U,5.4.,
Homolulun, Tests Rics, Paru, and Chile, The volacitizy of prepsgation of

3




the tsunami through the Pacific calculuted by spplying the formula

7 =\[2E agreed well with those compubed frem the marigraphic data.
Copies of several of the lide gage records used on the previous com-
putations are piven and separate analysis of them is made in order to
determine the pericds of the most prominent cacillations registered
in the bays whers the marigrsphe were loceted.

18s.

1946 The earthguake and seismic sea wave of April 1, 1946,
Earthguake Notez, Bastem Section of the Ceimmological
Society of Amerdica, 18(1 & 2):l0-11.

The Aleutian tsunami of April 1946, eentering absut 80 piles from the
Unimak Island reached heirghta of 90 te 100 fest in ports located in the
epicentral area snd hit destructively on the Hawalian lslands, being
appecislly mevere in the port =of Hilo. The tsunami propagated southward
along the Pacific cozst of the Americas and sven ough it eaused
negligible damags on the ccazt of U, S.4&,, 1t reached dangerous helghts
in the pert of Iguiyus pad Juan Fernsndez islmnds,

186.

1506 Dominiven Republic earthgaske of August b, 1946, Earth-
guake hotes, Eeslern Section of the Seismological Society
of mmorica. 318(1 « 2):11-12.
On L August 1946 a strong earthquaks centering sbout 10 miles off
the eantern end of Samsna Peninsuls (Dominican Republic) gensrated s
destructive tsunami which saused damage over & wide portion of the
Deminican coast, 25 well 23 ninor damage on the coast of Halti. Mari-
grams of this launmm yere oblainsd at tids]l stetions on Poertc Rico.

187 Powers, H. A

19kt The Aleutlan tsunad et Hilo, Hawaii, Aprid 1, 19L6.
Bulletin of the Seismological Society of Ameriss,
36{lJ s 355-356.

The Alsutizn tzunaml of Apr-1 19LE was recorded st several ports
in the Hawallan Tslands, belng esoeciglly severe on the northeasst coast
of the izland of Hawail. Non-Instrumsntsl dsta sbtained at Hile,; where
the waves reachizd = height of 32 feet, shewed that the tsunaml pro-
pagated tovard that port with = mean velocidy of 7.9 miles per mimute.

188. Bedle, R. K.

1946 Tidal dizturbances of seismic origin. United States
Earthguakes 19h4, V. 5, Coast =nd TGecdstic Survey,
Serial de, 682, Washangton;, Ui &.; p. 25
The tsunasl which accesmpanied the Japaness sarthquake of 7 Dscember
154l was recorded by marigraphs zt Alssks end California., OCopy cf the
marigram cbtzined at Massacre Bay, Alaska, 1s included.

Bl



189, MacDonald, O. A., Shepard, ¥. P., 2nd Cox, D. C.

1oL ""ha teungmy of April 1, 1946 in the Hswalisn Islands,
Fapifis Secience, university ol Hewaii, January 1947,
Vols 1; 8o, 1. Alss in the Annusl Report of the
gmmmnm Institotion for the year 1947, Waszhington,
- 211 ;-TF- EF?_EEE
The Aleutian taynami of .ﬁpri_ 194% was caured by dizlocstions of
the sea boittom on the northern siope of ihe W3sutian Treneh zad pro-
pagated southwnrd towsrd the Hawsizan Isdandy with an averege speed
of LYD miles per hour, causing heavy Iseses of property and life. &
study of the peismic history of the “awallan Islsnds abowed that even
though their zaismic activity s rather smell, Yhey nove been frequently
struck by teunamis originating on the Facifio ecosat ¢f the Americas and
Japan. P detallsd sccount of the heighly rsachied by the wavss and the
sxtent of the desmage a2t varicus Hawsiian porta was ascembled in order
T atudy the influence of the tossts]l lopography wpon Ysunanmi propapation,
In order %o reguce the structurel damages and casidties during fNture
taunpmis, the follewing protectlve measurer aTe suggested:
2} Con=trustion of hartor srotective structures, sspesdially
sEa walls, _
(b) Totsl slimisétisn of construction ot eapecially danperous
areat, and
(c) Estatlizhment of z system for warning the population of
the approsch of teunesmis.

i90. Mecelwans, J, B,

1LY When the sarthk quskes, Brece Putiishing Company,
Milwzukes.

Chaptey Vil of this treatise iv seismology giver an anelyeis of
actuzl knowledge of tYeunams generation and prupagations, It 22 indicated
that taunamis ars srfzinsted by eophsavals or downfalls of small sress
of the sz boltom in Yhe seighberhood of coastss These duslocstiona
world ou produced sxelusively by submarins sarthquakss, The phenomencn
of refraction of selsmic waves in the unterface lanj water i= atudlied,
it being goncliuded that a small part cf the sei=miz wave energy goca
through the water in the [orw of longibtudingl waves, This relesze of
selanic snergy o the water would produce =a:ll disturbancez of Lhe
aeg aliriace,

191, Heck, N, H,

47 List of s2qumic s4a waves, Bulletin of the Seasmologieal
Enm-f;,r el America. 7{L):260-286.

A Tataleg Izeting 270 T,ammr:j,? ratoraed =Y1 over the world Juring
the pericd LTy 3.0.-15L0 A0,



192. Lydneh, J, J. and Bedle, R. R.

19L8 The Dominican earthyuakes of Aupguzt 19L&, Bulletin of
the Seimmological Bociety of Americs. 38(1):1-17.

4 detailed description of the casualty =nd structural danmage
caused by the Dominican sarthquake and tsunami of August 1946 (see No.
186) is given. One of the aftershocks (0 August) following the earth-
quake was sctcompanied by a smaller teunaml

193, Pendse, C., G.

1548 The Makran earthqueke of the 28th November 1945, India
Meteorological Department, Scientific Notes, Simla,
16{125) s1L1-1LE,

The Arabish Ses sarthouzke of Noveabier 1245 centered off the Makran
coast (Baluchistan) and was aceompanied by 4 disastrous tsunami which
affected the whole of the Arsbiazn seaboard. Studissz of the seismic
history of the spicentrsl area snd of the selsmometric data recorded
during the earthgeake shows that:

(a) 8o far =3 115 magnitude is concernmed this earthquake was
not particularly important in compariscn with some great seismic shocks
recorded in this ares during recent years, and

(b) Teunaais rarely accompany earthquakes centering on this
area. The tsunamd wss caused by topographicsl changes oceurring in the
sea bed of the spicentral area. The sppearance ¢f two islets near
Karachi confirmed the existence of such dislocations, The characteristics
of the waves reccrded at Karachi. Bembay, =nd ports on the Makran coast
are desgribed and information regarding the structural damage suffered by
these ports iz givens

154, Hodls, i, H, end Murphy, L, M.

19LE Tidsl disturbances of seismic origin. United States
Berthmuakez 1945, U, &, Coast and Csodetle Survey,
Serial He. Tily, Washington, D. C., p. 23,
The largest tsunamis recordsd Juring 1%L6 were thoge of the Alesutian
archipelago (1 April) =nd Dominican Republic (4 and 3 August). Some
data concerning the mapnituds of these taunamis are glven end » table
Jisting thelr velocities of propagation to vardous tidal stations is annexsd.

195

1948 Seismic mez wavs warning syslem. Earthquake Notes,
Eastern Sectlon of the Beiemelogivzl Sopiety of America,
2002 ) 1L,

Fellowdng the disastrous Aleutian tsunami of April 19LE, the U, 8.
Coast and Ceodetic Survey sstablished a system for warning the
population of the Eawaliasn 1slands of the spproach of tsunamis (see
Nos. 100 and 177}, Such = warning system is Lased on s network of
seipmographs to provide information quickly obout submarine egrihqusakess

56



and a group of stations for chbserving the propagation of the waves,
Coupled with these there is 2 prieority communications system. To pro-
vide an easy way for svalusting the velocitiss of propagation of the
waves, a "tsunami travel-time chart" was prepared.
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